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Preface 



When a structural engineer starts work on offshore structure design, construction 
or maintenance, the offshore structure may appear to be a black box to him. Most 
engineering faculties, especially those in structural or civil engineering, focus on 
the design of residential, administrative, hospital and other domestic buildings 
from concrete or steel, while other faculty focus on harbor design. 

The design of offshore structure platforms is a combination of steel structure 
design methods and loads applied in harbors, such as waves, current and other 
parameters. On the other hand, offshore platform design depends on technical 
practice, which depends on the experience of the engineering company itself. 

While the construction of steel structures is familiar to the structural engineer, 
as anyone can observe construction of a new steel building, the construction and 
installation of an offshore structure platform are very rarely seen unless one has a 
direct role in the project, especially because the installation will be in the sea or 
ocean. There are far fewer offshore structures world-wide than there are steel 
structures for normal buildings on land, and the major design guidance for 
offshore structures lies in research and development, which is growing very 
fast to keep pace with development in the global oil and gas business. Therefore, 
all the major oil and gas exploration and production companies support and spon- 
sor research to enhance the design and reliability of offshore structures, in order 
to improve revenues from their petroleum projects and their assets. 

This book aims to cover the design, construction and maintenance of offshore 
platforms in detail, with comprehensive focus on the critical issues in design that 
the designer usually faces. The book also provides the simplest design tools, 
based on the most popular codes (such as API and ISO) and the other technical 
standards and practices that are usually used in offshore structure design. In addi- 
tion, it is important to focus on methods for controlling and reviewing the design 
that most engineers will face in the review cycle, so this book covers the whole 
range of the offshore structure engineer’s activities. 

Corrosion of offshore structure platforms costs a lot of money to control and 
to maintain within the allowance limit so that it will not affect the structure’s 
integrity, so methods for designing and selecting a suitable cathodic protection 
system and the advanced methods of protecting the structure from corrosion are 
very important to the structural engineer, and they are considered in depth in 
this text. 

An offshore structure platform is a considerable asset in the oil and gas 
industry, so another goal of this book is to assist the structural engineer in mak- 
ing decisions in design that take into consideration the factors, parameters and 
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constraints faced by the owner that control the options and alternatives in the 
engineering studies phase. 

Furthermore, it is very important to the owner, engineering firm and contractor 
that the offshore project’ s lifespan be identified. In other words, the structural engi- 
neer should have an overview of the relation between the structure’s system and its 
configuration from both an economic and an engineering point of view. 

Most offshore structure platforms were constructed world-wide in the period 
of growing oil investment between 1970 and 1980, so these platforms now are 
over 40 years old. Consequently, a lot of mature offshore structures are going 
through rehabilitation designed to increase and maintain their structural reliabil- 
ity. Development of the integrity management system with up-to-date and 
advanced techniques for qualitative and quantitative risk assessment has been 
essential to the risk-based inspection and maintenance planning that enhance 
the reliability of platforms during their lifespan. Accordingly, this book provides 
advanced techniques for topside and underwater inspection and assessment of 
offshore structure platforms, as well as ways to implement the maintenance 
and rehabilitation plan for the platform that match business requirements. 

It is also important to present case studies of repair and strengthening of 
platforms and the methods of decommissioning platforms when required. 

This book is intended to be a guidebook for junior and senior engineers who 
work in design, construction, repair and maintenance of fixed offshore structure 
platforms. 

The text serves as an overview of, and a practical guide to, traditional and 
advanced techniques in design, construction, installation, inspection and rehabili- 
tation of fixed offshore structure platforms, along with the principles of repairing 
and strengthening the structures and the methodology for delivering a maintenance 
plan for the fleet of platforms. 

Mohamed Abdallah El-Reedy 
elreedyma@ gmail. com 
Cairo, Egypt 
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Chapter 1 



Introduction to Offshore 
Structures 

1.1 INTRODUCTION 

Offshore structures have special economic and technical characteristics. 
Economically, offshore structures are dependent on oil and gas production, 
which is directly related to global investment, which is in turn affected by the 
price of oil. For example, in 2008 oil prices increased worldwide, and as a result 
many offshore structure projects were started during that time period. 

Technically, offshore structure platform design and construction are a 
hybrid of steel structure design and harbor design and construction. 

Only a limited number of faculty of engineering focus on offshore structural 
engineering, including the design of fixed offshore platforms, floating or other 
types, and, perhaps due to the limited number of offshore structural projects in 
comparison to the number of normal steel structural projects, such as residential 
facilities and factories. In addition, offshore steel structure construction depends 
on continuous research and study drawn from around the world. 

All the major multinational companies that work in the oil and gas business are 
interested in offshore structures. These companies provide continuous support for 
research and development that will enhance the ability of their engineering firms 
and construction contractors to support their business needs. 

1.2 HISTORY OF OFFSHORE STRUCTURES 

As early as 1909-1910, wells were being drilled in Louisiana. Wooden derricks 
were erected on hastily built wooden platforms that had been constructed on top 
of timber piles. 

Over the past 40 years, two major types of fixed platforms have been devel- 
oped: the steel template, which was pioneered in the Gulf of Mexico (GoM), 
and the concrete gravity type, first developed in the North Sea. Recently, 
a third type, the tension-leg platform, has been used to drill wells and develop 
gas projects in deep water. In 1976, Exxon installed a platform in the Santa 
Barbara, CA, channel at a water depth of 259 m (850 ft). Approximately two 
decades earlier, around 1950, while the developments were taking place in 
the GoM and Santa Barbara channel, the BP (British Petroleum) company 
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was engaged in a similar exploration off the coast of Abu Dhabi in the Persian 
Gulf. The water depth there is less than 30 m (100 ft) and the operation has 
grown steadily over the years. 

The three basic design requirements for a fixed offshore platform are: 

1. The ability to withstand all loads expected during fabrication, transportation, 
and installation. 

2. The ability to withstand loads resulting from severe storms and earthquakes. 

3. The ability to function safely as a combined drilling, production, and 
housing facility. 

The importance of the second requirement, and the need to reevaluate 
platform design criteria, was highlighted in the 1960s, when hurricanes caused 
serious damage to platforms in the GoM. In 1964, hurricane Hilda, with wave 
heights of 13 m and wind gusts up to 89 m/s, destroyed 13 platforms. The next 
year, hurricane Betsy destroyed three platforms and damaged many others. 
Because Hilda and Betsy were “100-year hurricanes,” designers abandoned 
the use of “25- and 50-year storms” and began designing for the more destruc- 
tive 100-year storms. 

1.3 OVERVIEW OF FIELD DEVELOPMENT 

Estimates of global oil reserves, based on geological and geophysical studies 
and oil and gas discoveries as of January 1996, indicate that about 53% of 
the reserves are in the Middle East, a politically troubled region. Overall, 
60% of reserves are controlled by the Organization of Petroleum Exporting 
Countries (OPEC). Obviously, OPEC and the Middle East are very important 
for the world’s current energy needs. 

Most researchers believe that the major land-based hydrocarbon reserves 
have already been discovered and that most significant future discoveries will 
be in offshore areas, the Arctic and other difficult-to-reach areas of the world. 

Geological research indicates why North America, northwest Europe and 
the coastal areas of West Africa and eastern South America appear to have simi- 
lar potential for deepwater production. During very early geological history, 
sediments were deposited in basins with restricted circulation and were later 
converted to the supersource rocks found in the coastal regions of these 
areas. The presence of these geological formations is the initial indication of 
the presence of hydrocarbons, but, before feasible alternatives for producing 
oil and gas from a field are identified and the most desirable production scheme 
is selected, exploratory work defining the reservoir characteristics has to be 
completed. First, geologists and geophysicists assess the location’s geological 
formations to determine if it has potential hydrocarbon reserves. 

After the geologists and geophysicists decide that a field could be economi- 
cally viable, further exploratory activities are undertaken to prepare cost, 
schedule and financial return estimates for selected exploration and production 
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schemes. After that, the various alternative schemes are compared and the most 
beneficial one is identified. 

During this phase, due to the absence of detailed information about reservoir 
characteristics, future market conditions and field-development alternatives, 
experts make judgments based on their past experience and on cost and 
schedule estimates based on data available from previous history. The success 
of oil and gas companies depends on this expertise, so most companies keep 
experts on hand and compete with each other to recruit them. Sometimes, the 
experiential data are not enough, so decisions are made as a result of brain- 
storming sessions attended by experts and management, and these are greatly 
affected by a company’s culture and past experiences. 

The reservoir management plan is affected by the characteristics of the fluid 
the reservoir produces, the reservoir’s size and topography, regional politics, 
company and partner culture and the economics of the entire field-development 
scheme. Well system and completion design are affected by the same factors 
that affect the reservoir management plan, except perhaps the political factors. 
Platforms, facilities for processing and production, storage systems and export 
systems are affected by all these factors as well. 

The field-development scheme has to take into account: 

• Reservoir characteristics 

• Production composition (e.g., oil, gas, water, H 2 S) 

• Reservoir uncertainty 

• Environment (e.g., water depth) 

• Regional development status 

• Technologies available locally 

• Politics 

• Partners 

• Company culture 

• Schedule 

• Equipment 

• Construction facilities 

• Market 

• Economics 

If the preliminary economic indicators in the feasibility study phase are 
positive, seismic data generation and evaluation, done by geophysicists, follow. 
These data comprise reasonable information about the reservoir’s characteristics, 
such as its depth, spread, faults, domes and other factors, and an approximate 
estimate of the recoverable reserves of hydrocarbons. 

If the seismic indications are positive and the decision is to explore further, 
exploratory drilling commences. Depending on water depth, the environment 
and what’s available, an appropriate exploration scheme is selected. 
A jack-up exploratory unit is suitable for shallow water depths. In water depths 
exceeding 120 m (400 ft), ships or semisubmersible drilling units are utilized. 
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At depths of 300 m (1000 ft), floating drilling units require special mooring 
arrangements or a dynamic positioning system. A floating semisubmersible 
drilling rig is capable of operating in water as deep as 900-1200 m (3000- 
4000 ft). 

Exploratory drilling work follows the discovery well. This generally 
requires three to six wells drilled at selected points of a reservoir. These activ- 
ities and production testing of the wells where oil and gas are encountered give 
reasonably detailed information about the size, depth, extent and topography of 
a reservoir, such as the fault lines, impermeable layers, etc., and its recoverable 
reserves, viscosity (API grade), liquid properties (e.g., the oil/water ratio), and 
impurities, such as sulfur or another critical component. 

Reservoir information enables geologists and geophysicists to estimate the 
location and number of wells that will be required to produce a field and the 
volumes of oil, gas and water production. This information is used to determine 
the type of production equipment, facilities and the transport system needed to 
produce the field. 

Obviously, the accuracy of reservoir data has a major effect on the selection 
of a field-development concept. In marginal or complex reservoirs, reliable 
reservoir data and the flexibility of the production system in accommodating 
changes from the reservoir appraisal are very desirable. 

1.3.1 Field-Development Cost 

Field development for a new project or for extending existing facilities is a multi- 
step process. The first step is gathering input parameters, such as the reservoir 
and environmental data; the selection and design of major system components, 
such as the production drilling and the wells, facilities and offtake system; and 
the decision criteria, such as the economics. The next step is evaluating the 
different field-development options that satisfy the input requirements and 
establishing their relative merits with respect to the decision criteria. In this 
design process loop, not only alternatives for field-development systems, but 
also alternatives for each system, need to be taken into account. 

At the next stage, a preliminary design for the selected system is started. In 
this phase, the selection activity is focused on the system components and detail 
elements. During this phase, design iterations are generated until all the members 
of all engineering and operation disciplines are satisfied from a technical point of 
view. All the system components and construction activities must be well defined. 
Once the design is complete, few changes to the system and its components can be 
made without suffering delays and cost overruns. 

The operation phase includes maintenance, production, repair and reassess- 
ment and transportation activities. Viable field-development options are identi- 
fied and developed and selection of the most suitable option occurs in parallel 
with the acquire, explore and appraise cycle. All project activities that precede 
the start of the basic design phase are called the FEED (front-end engineering 
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design) phase. FEED is the most important phase of a field-development 
timeline. An ideal field-development schedule should allow sufficient lead-time 
for performance of all FEED work before basic design starts. 

In the FEED phase, after the facilities required on the topside of the deck 
have been defined, the geometrical shape of the platform is defined. A prelimin- 
ary structure analysis is run through structure analysis software to identify the 
section that matches the loads and the geometrical shape with appropriate deck 
dimensions that serve the required facilities on the deck. The structure system of 
the platform subsea structure, which is called a jacket, and a construction 
method based on the water depth are selected in this phase. In management 
of a new project, this is called the select phase. 

Experience shows that the FEED phase will identify viable options; 
develop, evaluate and select concepts; and provide a conceptual design. The 
FEED phase usually consumes only about 2-3% of the total installed cost 
(TIC) of field development and has the highest impact on cost, schedule, quality 
and success. It is not uncommon to observe major cost overruns when a full 
FEED phase is not performed. Reanalysis of projects that did not have a satis- 
factory FEED phase because of political factors indicates that a 50% TIC reduc- 
tion could have been achieved if a satisfactory FEED phase had been 
performed. 

Figure 1 . 1 shows the variation in the accuracy of the TIC estimates in dif- 
ferent phases of a project. In general, understanding of the economics and other 
features of a field-development system improve as we move along the field- 
development timeline. At the start of the FEED phase, a number of options 
are available and identifying the right field-development concept will pro- 
foundly influence a project’s success. During the conceptual design phase of 
FEED, each system component, such as well systems, platform(s), topside facil- 
ities, transportation and their subcomponents, such as hull, the mooring system, 
tethers, living quarters, processes, utility systems, pipelines, storage and risers, 
are defined and a cost and schedule estimate is prepared. Selection and defini- 
tion of the system components and subcomponents also have a significant 
impact on costs and/or the schedule. At this phase, the accuracy of the TIC esti- 
mates is approximately ±15% to ±25%. 

Experience shows that a standard project with routine components and 
almost no innovations will experience very low operability problems. A recent 
survey by Karsan (2000) of offshore projects indicated that 90% of projects 
with substantial innovations had major operability problems; therefore, care 
must be taken not to introduce low value when adding new ideas and 
components into a field-development system. 

The preliminary or basic design phase includes a definition of the process 
through process flow diagrams (PFDs) and preparation of the field and equip- 
ment layouts: piping and instrumentation diagrams (P&IDs), general platform 
drawings, materials and equipment lists, data sheets, specifications and a 
final engineering, procurement and construction (EPC) cost and schedule 
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FIGURE 1.1 Accuracy of the total installation cost (TIC) estimates at each project stage. 



estimate. The basic design phase allows some system optimization but only at a 
subcomponent and specification level. At this phase, the accuracy of TIC esti- 
mates is approximately ±15% to ± 25 %. 

The ability to influence cost and savings decreases with progress along the 
field-development timeline. At the concept-development stage, the selection 
and development of the right concept have a major impact on the TIC. Savings 
in the detailed design and construction phases generally stem from good project 
control and execution, which result in TIC optimization. This phase provides 
detailed engineering analysis and design, approved-for-construction (AFC) 
drawings and fabrication, transportation, installation, precommissioning and 
the hook-up and commissioning of the field by an EPC contractor. Efficient 
project management in the execution of the plan; cost, schedule and quality 
control; verification; quality and safety assurance; and purchasing and docu- 
mentation have some effect on the TIC, but not as profoundly as the FEED 
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phase. Past experience indicates that at the start of the construction phase, the 
accuracy of the TIC estimates is approximately ±5% to ±10%. 

In most cases, the owner is mainly focused on the early production phase. 
As an example, in one case, after the drilling and completion of 18 wells 
from a satellite well protector, a production rate of 100,000 bpd (barrels per 
day) is reached immediately after the installation of the production platform. 
After one year from the production platform installation, all 36 wells are com- 
pleted and a production rate of 200,000 bpd is reached. 

In another example, in the North Sea, after installation of a single self- 
contained tower, a period of about three months has to elapse before a produc- 
tion rate of 6000 bpd may be achieved, and about two and a half years after 
platform installation are required to drill and complete all 36 wells, reaching 
a production rate of 200,000 bpd. 

For the self-contained tower, the highest negative cash flow occurs within 
the second quarter of the third year, when some oil production starts. From 
this point on, positive cash flow from the produced oil will start offsetting 
the negative cash flow from early investments and operating costs. The zero 
cumulative cash flow position is reached within the fourth quarter of the fourth 
year, when all the field investments to date have been paid off. 

The maximum negative cash flow for the multiplatform concept is reached 
six months ahead of that for the self-contained platform, sometime within the 
first quarter of the third year, when oil flow from the production platform starts. 
Due to the heavy upfront investment on a satellite platform and the early drill- 
ing program, the maximum cash invested will be about 30% more than that for 
the self-contained platform. However, rapid cash recovery from early drilled 
production wells rapidly offsets the negative cash flow. Within the first quarter 
of the fourth year, the zero cumulative cash flow point will be reached, about 
six months ahead of the self-contained platform concept. From this point on, 
the multiplatform concept results in higher cumulative cash flow. 

For increased gas production in later years, the addition of a gas treatment 
and compression platform may also be planned. In this case, satellite drilling 
platforms may be constructed and installed within a six-month timeframe to 
allow early drilling to commence. Within three years, production starts and 
the additional drilling platform is installed. Once a significant number of the 
satellite platform wells are drilled and completed, a large volume of production 
can start. 

A two- to three-year drilling cycle for the field-development program gen- 
erally follows a self-contained platform installation. In some cases, some of the 
wells may be drilled before the tower is set in location or a successful explora- 
tory well may be utilized, resulting in some early production. But, in general, 
about three to four years have to elapse after platform installation before the 
total field production rate can be reached. This concept generally allows reach- 
ing top production rates about a year or so earlier. The upfront cash available for 
investment may vary from one oil company to another. If plenty of cash is 
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available from other operations, and some tax hedging is desired, an early high 
cash investment option may be preferred. However, if the company is cash 
starved or a higher corporate cash discount rate must be imposed due to 
many other competing investment options or interest rates, a lower upfront 
cash investment option may be preferred. 

Of course, this is a somewhat simplistic presentation of the economic factors 
affecting the platform concept selection. Many other economic factors other 
than the cash flow, including the tax and discount rates, inflation and the 
time value of money, also need to be considered, resulting in complex net- 
present-value calculations. It is worth mentioning that investment analysis 
specialists generally perform these calculations. 

1.3.2 Multicriteria Concept Selection 

At the FEED stage, external factors, such as country requirements and charac- 
teristics, technology transfer and environmental pollution potential, as well as 
the culture, politics, economics and infrastructure of the host nation and the 
operating oil company and its partners, may have major influences on the con- 
cept selection. Not easily comparable criteria, such as the economics, design 
completeness and maturity and external factors, have to be weighed against 
each other and used for concept ranking and selection. In a multicriteria process, 
first the goal of the exercise is defined. Then the viable field-development 
options are identified. This is followed by the identification of a multitude of 
selection criteria that are grouped and ordered in a hierarchy, after which 
experts determine the importance of each criterion by comparing it to the others 
in a pairwise manner. The comparisons are then passed through an analytical 
process to obtain rankings for each comparison and the alternatives. Currently, 
there are several such processes in use. 

The basic design defines the platform, production facility and structural con- 
figurations and dimensions in enough detail to allow the detailed design to start. 
Basic design results enable reliable cost and schedule estimates and the ordering 
of long-lead major equipment and structural components. This also allows the 
contractor to provide a reliable lump-sum price bid for a detailed EPC contract 
for the platform. 

The basic design phase includes the following tasks: 

• A well-defined field-development plan. 

• A conceptual design based on field characteristics, operational and environ- 
mental parameters, foundation conditions, platform configurations, global 
materials selection and other information and assumptions used for concept 
development. 

• Conceptual drawings showing major component configurations for plat- 
forms, topside facilities layouts, well locations and well systems, reservoir 
maps and production profiles, storage (if needed) and offloading systems, 
pipelines to shore and preliminary sizes. 
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• A general platform structure configuration, as defined by conceptual drawings 
that show side elevations and plans for legs and major bracing. Preliminary 
PFDs and major equipment lists may also be available. 

• A concept cost estimate (±40%) and schedule for the entire development 
plan (including the capital and operational expenses, cash flow diagrams 
and net present value (NPV) of the total investment). 

A conceptual design package that includes this information is prepared by the 
owner or specialized engineering team (this called the appraise phase) and is 
given to the design contractor as input to the preliminary design phase to 
start the FEED stage. 

1.4 FEED REQUIREMENTS 

The FEED process ends with the completion of the conceptual design. At this 
point, the FEED phase has provided the following deliverables: 

• Basic design drawings for all major platform and deck structures and compo- 
nents (i.e., jacket, deck, piles and conductors). These should contain enough 
detail to enable reliable field-development cost and schedule estimates. This 
information is particularly important if owners wish to solicit bids and to enter 
into a lump-sum EPC agreement with a contractor. 

• A basis of detailed design (BOD) document for the detailed design phase. The 
BOD defines the detailed design requirements, including the platform config- 
uration and environmental parameters (e.g., metocean, seismic, ice, etc.). 

• Site-specific information (e.g., water depth, temperature, soil characteristics, 
mudslides, shallow gas pockets, etc.). 

• Definition of nongenerated loads (e.g., equipment and wet/dry supplies and 
operating loads, such as dynamic vibrations from rotating machinery, mud 
pumps and operations, etc.). Design life for the structure should be defined con- 
sidering the operation requirement and fatigue effect along its lifetime. 

• Definition of accidental loads (e.g., collisions with boats, dropped objects, 
fire and explosions). 

• Load combinations (extreme environmental, operational, serviceability, 
transportation, lift and launch). Damage stability and/or redundancy require- 
ments (e.g., missing member or flooded leg or compartment). 

• Preferred material classes. 

• Design regulations, codes and recommended practices. 

• Definition of appurtenances and their locations (e.g., escape and evacuation 
equipment, escape routes, stairs, boat landings, barge bumpers, conductors, 
mud-mats, etc.) with different discipline engineers. 

• Corrosion protection requirements (e.g., sacrificial anode or impressed 
current, and types of anodes). 

• A narrative of the construction methods and procedures that will affect the 
platform configuration and size (e.g., skidding and load-out procedures, 
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pulling points, lifting eyes, launch skids, etc.) and the verification and cer- 
tification requirements. 

• Any other owner requirements that will affect the detailed design (e.g., jack- 
up drilling unit clearances, tender rig sizes and weights). 

If a contractor has not already been selected, a detailed engineering bid 
document is prepared. This document, which contains most of the information 
just listed, is issued to all qualified bidders. It is very important to note that most 
contractors will not be interested in bidding a lump-sum EPC contract if a basic 
design package is not available. 

The following tasks should also be completed in this phase: 

• Preparation of detailed and final process flow diagrams (PFDs). If a detailed 
design is attempted without final PFDs, process changes during the final 
design phase may cause significant rework and schedule and cost ovenuns. 

• Preparation of P&IDs. 

• Preparation of final deck and facilities layouts, providing adequate space 
and clearance for all equipment and operations. 

• Preparation of equipment and material lists, data sheets and specifications. 

• Preparation of detailed engineering, transportation, precommissioning and 
commissioning scopes of work. 

• Preparation of detailed design schedules and cost estimates. 

• Performance of global in-place analyses to confirm that major structure 
members and equipment will fit. 

1.5 TYPES OF OFFSHORE PLATFORMS 

The types of fixed offshore platforms are: 

• Drilling/well-protector platforms 

• Tender platforms 

• Self-contained platforms (template and tower) 

• Production platforms 

• Quarters platforms 

• Flare jacket and flare tower platforms 

• Auxiliary platforms 

• Bridges 

• Heliports 

Each of these platform types has its own unique characteristics from a 
functionality point of view. 

Drilling/Well-protector Platforms 

Oil and gas wells are drilled from this platform, so the rig will approach this 
platform to drill new wells or to perform any work over the life of the platform. 
Platforms built to protect the risers on producing wells in shallow water are 
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called well protectors or well jackets. Usually a well jacket serves from one to 
four wells. 

Tender Platforms 

Tender platforms are not used as commonly now as they were 40 years ago. 
Tender platforms function as the drilling platform, but the drilling equipment 
rests on the the platform topside. Nowadays it is common to use a jack-up 
drilling rig, which does not rest on the platform deck. 

With tender platforms, the derrick and substructure, drilling mud, primary 
power supply and mud pumps are placed on the platform. 

As mentioned, since tender platforms are not used much anymore, they will 
not be encountered in new designs or new projects, but they may be encountered 
in existing structures, so you must be familiar with them in order to perform 
assessments for an existing drilling platform. 

Figure 1.2 shows a tender platform. It is shown with two beams along the 
platform deck length; the beams are used as a railway to the tender tower 
above the deck for drilling activity. 

Self-contained Platforms 

The self-contained platform is large, usually with multiple decks that have 
adequate strength and space to support the entire drilling rig with its auxiliary 
equipment and crew quarters, and enough supplies and materials to last through 
the longest anticipated period of bad weather when supplies cannot be brought 
in. There are two types of self-contained platform: the template type and the 
tower type. 




FIGURE 1.2 Tender platform. 
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Production Platforms 

Production platforms support control rooms, compressors, storage tanks, treating 
equipment and other facilities. Figure 1.3 shows a production platform carrying 
the separators and other facilities for production purposes. 

Quarters Platforms 

The living accommodations platform for offshore workmen is commonly called 
a quarters platform. 

Flare Jacket and Flare Tower Platforms 

A flare jacket is a tubular steel truss structure that extends from the mud line to 
approximately 3-4.2 m (10-13 ft) above the mean water line (MWL). It is 
secured to the bottom by driving tubular piles through its three legs. 

Auxiliary Platforms 

Sometimes small platforms are built adjacent to larger platforms to increase 
available space or to permit the carrying of heavier equipment loads on the 
principal platforms. Such auxiliary platforms have been used for pumping or 
compressor stations, oil storage, quarters platforms or production platforms. 




FIGURE 1.3 Production platform. 
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Sometimes they are free standing, and other times they are connected by being 
braced to the older structure. 

Bridges 

A bridge 30-49 m (100-160 ft) in length that connects two neighboring 
offshore structures is called a catwalk. The catwalk supports pipelines, 
pedestrian movement or materials handling. The different geometries of bridges 
are shown in Figure 1.4, and Figure 1.5 is a photo of a bridge between two 
platforms. 



Walkway Pipes 









FIGURE 1.4 Different bridge geometries. 
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FIGURE 1.5 Bridges connecting a helideck platform. 

Heliport 

The heliport is the landing area for a helicopter, so it must be large enough to 
handle loading and unloading operations. 

A square heliport has a side length of one and a half to two times the largest 
helicopter’s expected length. The heliport landing surface should be designed 
for a concentrated load of 75% of the gross weight. The impact load is two 
times the gross weight for the largest helicopter, and this load must be sustained 
in an area of 24" X 24" anywhere in the heliport surface. Figure 1.5 shows a 
heliport platform. 

1.6 DIFFERENT TYPES OF OFFSHORE STRUCTURES 

Different types of offshore structural systems have been developed over time 
due to the requirements for obtaining oil and gas in locations that have a greater 
water depth. These types of platforms are as follows. 

Concrete Gravity Platform 

The concrete gravity platform shown in Figure 1 .6 is a concrete platform that 
was constructed in 1997 for Shell. 

Figure 1 .7 illustrates a complex platform that consists of a production and 
drilling platform connected by bridges. 
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FIGURE 1.6 Concrete gravity platform. 



In areas where there is a low oil reserve, only one well will be drilled. Many 
alternatives were devised to address this situation and to obtain the business 
target. One solution is to have a subsea well that is connected to the nearest 
platform by a pipeline. This solution is costly, but it is now used widely in 
deep water. 

Another solution is to use a minimal offshore structure, as is shown in 
elevation and plan views in Figure 1.8(a) and (b). The concept for this platform 
is to use the conductor itself as the main support for the small deck. There are also 
two diagonal pipes that are connected to the soil by two piles, as shown in the 
elevation view (Figure 1.8(a)). Figure 1.9 shows the shape of the topside of 
this three-legged platform. 

Floating Production, Storage and Offloading 

The first floating production, storage and offloading (FPSO) platform was the 
Shell Castellon, built in Spain in 1977. The first conversion of an LNG (lique- 
fied natural gas) carrier (Golar LNG owned the Moss-type LNG carrier) into an 
LNG floating storage and regasification unit was carried out in 2007 by the 
Keppel Shipyard in Singapore. In the last few years, concepts for LNG 
FPSOs have also been launched. An LNG FPSO works under the same 
principles as an oil FPSO, but it produces only natural gas, condensate and / 
or liquefied petroleum gas (LPG), which is stored and offloaded. 
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FIGURE 1.7 Complex platform consisting of production and drilling platforms connected by 
bridges. 



FPSO vessels are particularly effective in remote or deepwater locations 
where seabed pipelines are not cost effective. FPSOs eliminate the need to 
lay expensive long-distance pipelines from the oil well to an onshore terminal. 
They can also be used economically in smaller oil fields that can be exhausted 
in a few years and do not justify the expense of installing a fixed oil platform. 
Once the field is depleted, the FPSO can be moved to a new location. In areas of 
the world subject to cyclones (such as northwest Australia) or icebergs 
(Canada), some FPSOs are able to release their mooring/riser turret and 
steam away to safety in an emergency. The turret sinks beneath the waves 
and can be reconnected later. 

The FPSO operating at the deepest water depth is the FPSO Espirito Santo 
of Shell America; it is operated offshore by SBM Offshore N.V. The FPSO is 
moored in water 1800 m deep in the Campos Basin in Brazil and is rated for 
100,000 bpd. The EPC contract was awarded in November 2006 and was 
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FIGURE 1.8 Three-legged platform elevation view (a) and plan view (b). 
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FIGURE 1.9 Photograph of three-legged platform. 

scheduled for first oil production in December 2008. The FPSO conversions 
and internal turret were done at the Keppel Shipyard in Singapore and the 
topsides were fabricated in modules at Dyna-Mac and BTE in Singapore. 

Tension-Leg Platform 

Nowadays there is a trend to use gas that in the previous 40 years would have 
been burned off in the air, so there are many projects aimed at discovering gas 
for production, and gas exploration has been extended into deep water. The 
conventional fixed offshore structure cannot be used, so researchers and 
engineering firms have used the legs of tension wire platforms in deep water. 



1 .7 Minimal Offshore Structure 



QD 




A tension-leg platform is a vertically moored floating structure normally 
used for the offshore production of oil or gas, and it is particularly suited for 
water depths greater than 300 m (about 1000 ft). 

The first tension-leg platform was built for Conoco’ s Hutton field in the 
North Sea in the early 1980s. The hull was built in the dry-dock at Highland 
Fabricator’s Nigg yard in the north of Scotland, with the deck section built 
nearby at McDermott’s yard at Ardersier. The two parts were mated in the 
Moray Firth in 1984. The Magnolia extended tension-leg platform was con- 
structed for a water depth of over 1425 m (-4700 ft). 

Figure 1.10 summarizes the different types of platform structures, their 
water-depth range and their functions. Note that water-depth ranges change 
over time, as new research and development allow construction in deeper water. 



1.7 MINIMAL OFFSHORE STRUCTURE 

The minimal offshore structure was created about 25 years ago, in response to 
demand for production companies to investigate low-volume reservoirs. The mini- 
mal structure consists of one conductor for oil production that is also used as a pile 
and on the other hand, a lot of platforms constructed over the years are minimal 
offshore structures, formed by one pile and using the conductor itself as a support, 
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two additional inclined members as a support for the pile. Furthermore, in the last 
20 years many projects have used concrete gravity platforms fabricated from rein- 
forced concrete, and there is a lot of research into these platform types. 

Besides the types of offshore structures that are used in oil and gas projects, 
we need to focus on the economics and policy decisions that guide and direct 
the projects. 

Worldwide, the relationship between multinational companies in the petroleum 
industry and the countries that have oil and gas reserves is usually in the form of an 
agreement. It is just as important for structural engineers to focus on this relation- 
ship as on stresses, strain, structural analysis, codes and design standards, which 
are the main elements of the structural engineer’s job, but not all that their job 
entails. Creation of a structural configuration that matches the engineering office’s 
knowledge and capability with the owner’ s expectations is also a big factor. The 
contractors, the engineering firm and the engineering staff from the owner’s orga- 
nization have to be on the same page to achieve the owner’s target and goals. 

The organization’s target and goals are based on business targets and profits, 
the expected oil and gas reserve, expected oil and gas prices and the last impor- 
tant factor, the country that owns the land and the reserves. Therefore, the terms 
and conditions of, and the political situation in, the country will directly affect 
investment in the project. Consequently, any engineer working on the project 
should keep in mind an overview of all the constraints on the project, because 
these constraints affect the engineering solutions, options and alternative 
designs. In fact, this overview is very important knowledge for all staff, from 
senior management down to the junior level. 

1.8 PREVIEW OF THIS BOOK 

Load calculation is the first step in a structural analysis. Loads on platforms are 
usually defined based on the owner’s specifications. The studies that govern the 
loads and other technical practices are discussed in detail in Chapter 2. 

In order to design a steel structural platform, one must understand the prin- 
ciples of steel structure design, the effects of environmental and other loads on 
offshore structures and how designs are governed by API and ISO standards. 
These concepts are discussed in Chapter 3. 

The foundation is very critical to the safety of the structure, but the foundation 
is subject to many variations and uncertainties. Therefore, Chapter 4 presents 
methods for assessing the pile capacity for offshore structures on sand and clay 
soil. All the tools and data required to estimate pile capacity are illustrated. 

The construction of an offshore structure is very costly. So the fabrication, 
erection, launch and installation of the platform are discussed in detail in 
Chapter 5. 

Corrosion protection for an offshore structure is very critical, and an appro- 
priate system needs to be chosen for both existing structures and retrofitting 
projects. There are different types of cathodic protection, and design of the 
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sacrificial anode and cathodic protection (CP) system is presented in Chapter 6. 
The structural engineers who are responsible for a design usually don’t have 
much knowledge of the corrosion process and its effects and ways of protecting 
an offshore structure’s structural integrity and maintaining the structure’s 
reliability. Yet, structural engineers need to understand corrosion protection in 
order to select the optimal corrosion protection system. Knowledge of up-to-date 
corrosion protection is also very important to the corrosion engineer, who is 
responsible for designing the protection system, and to the construction group 
that will do the system installation. The maintenance engineer should know the 
pitfalls of each system and, from reading the CP system during inspection, should 
have a sense of the structure’s condition from a corrosion point of view. 

Oil and gas platforms are facing the problem of aging, as many platforms 
were constructed over 40 years ago. API standards for fixed offshore structure 
platform design were started in 1969, so all the old platforms were designed 
according to the engineering office’s experience. 

It is worth noting that, in years past, companies used paper copies of reports 
and drawings, a lot of which have been destroyed over time. In addition, in most 
cases there wasn’t a change policy, so extant drawings may not match actual 
conditions. All these factors affect many rehabilitation projects worldwide, so 
Chapter 7 discusses the assessment and evaluation of offshore structures. 
Recently, risk-based inspection has been used to establish maintenance plans 
for existing platforms, so qualitative risk assessment is discussed in detail in 
Chapter 8. 
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Chapter 2 



Offshore Structure Loads and 
Strength 

2.1 INTRODUCTION 

Fixed offshore platforms are unique structures since they extend to the ocean 
floor and their main function is to hold industrial equipment that services oil 
and gas production and drilling. 

Robust design of fixed offshore structures depends on accurate specification 
of the applied load and the strength of the construction materials used. Most 
loads that laterally affect the platform, such as wind and waves, are variable, 
so the location of the platform determines the metocean data. 

In general, the loads that act on the platform are: 

• Gravity loads 

• Wind loads 

• Wave loads 

• Current loads 

• Earthquake loads 

• Installation loads 

• Other loads such as impact load from boats 

2.2 GRAVITY LOADS 

Gravity loads consist of the dead load and the live (imposed) load. 

2.2.1 Dead Load 

The dead load is the platform’s own overall weight and, in addition, the weight of 
the equipment, such as piping, pumps, compressors, separators, and other 
mechanical equipment, used during operation of the platform. The overall weight 
of platform structure upper decks (topside) includes the piling, superstructure, 
jacket, stiffeners, piping and conductors, corrosion anodes, decking, railing, 
grout, and other appurtenances. Sealed tubular members are considered either 
buoyant or flooded, whichever produces the maximum stress in the structure 
analysis. 
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The main function of the topside components is to carry the load from the 
facilities and drilling equipment. The weights of the topside components and 
their percentage of the total are shown for a sample structure in Table 2.1. 
Table 2.2 gives the overall weight of the topside for an eight-legged platform 
in 91 m of water. In calculating the overall weight of a platform, a contingency 
allowance of 5% should be used to cover variations in the loads. 



TABLE 2.1 Weights and Weight Percentages for an 
Production Platform 


Eight-legged Drilling/ ^ 






Weight (Tons) 


Percentage of Total 


1 . 


Deck 








Drilling deck 








Plate 


72 


11 




Production deck 








Plate 


52 


7.8 




Grating 


1.0 


0.16 




Subtotal 


125 


18.8 


2. 


Deck beams 








Drilling deck 


174 


26.3 




Production deck 


56 


8.5 




Subtotal 


230 


34.8 


3. 


Tubular trusses 


146 


22.1 


4. 


Legs 


105 


15.9 



5. Appurtenances 



Vent stack 


6 


0.9 


Stairs 


12 


1.8 


Handrails 


4 


0.6 


Lifting eyes 


2 


0.3 


Drains 


6 


0.9 


Fire wall 


4 


1.7 


Stiffeners 


14 


2.2 



661 100 
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TABLE 2.2 Jacket Weight for an 
91 m of Water 


Eight-legged Drilling/Production Platform in 








% of Total 


Sub-system 
% of Total 


ID 


Component Description 


Weight, Ton 


Weight 


Weight 


1 . 


Legs 










Joint can 


177 


14.6 






In between tubular and others 309 


25.4 


40 


2. 


Braces 










Diagonal in vertical plan 


232 


19.1 






Horizontal 


163 


13.4 






Diagonal in horizontal plan 


100 


8.2 


40.7 


3. 


Other framing 










Conductor framing 


35 


2.9 






Launch trusses and runners 


82 


6.7 






Miscellaneous framing 


2 


0.2 


9.8 


4. 


Appurtenances 










Boat landing 


28 


2.3 






Barge bumpers 


29 


2.4 






Corrosion anodes 


22 


1.8 






Walkways 


16 


1.3 






Mud mats 


5 


0.4 






Lifting eyes 


2 


0.2 






Closure plates 


2 


0.2 






Flooding system 


7 


0.6 






Miscellaneous 


4 


0.3 


9.5 










100% 













Virtually all the decisions about the design of a platform depend on the 
number of jacket legs. Soil conditions and foundation requirements often con- 
trol the leg size. The function of the jacket is to surround the piles and to hold 
the pile extensions in position all the way from the mud line to the deck sub- 
structure. Moreover, the jacket legs provide support for boat landings, mooring 
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bits, barge bumpers, corrosion protection systems and many other platform 
components. The golden rule in design is to minimize the projected area of 
the structure member near the water surface in high wave zones in order to 
minimize the load on the structure and to reduce the foundation requirements. 

2.2.2 Live Load 

Live load is the load imposed on the platform during its use; live loads change 
from one mode of operation to another. They include: 

• The weight of drilling and production equipment. 

• The weight of living quarters, heliport and other life-support equipment. 

• The weight of liquid in storage tanks. 

• The forces due to deck crane usage. 

The live load depends on the owner’s requirements, and normally it is 
included in the statement of requirements (SOR) or basis of design (BOD) 
documents. See Table 2.3 for guidelines on live loads. 

For general deck area loading, the topside deck structure should be designed 
for the specified imposed loads (outlined in Table 2.4) applied to open areas of 
the deck, where the equipment load intensity is less than the values shown. 
DNV (2008) states that the variable functional loads on deck areas of the 



topside structure should be based on the values in Table 2.5. These values 
are considered guidelines, so they should be defined in the design criteria, 
which will be approved by the owner. If the owner needs to increase the load 
more than is noted in the code, it should be stated in the BOD and the detailed 
drawings should include the load on the deck. In Table 2.5, the loads that are 
identified for the local design are used for the design of the plates, stiffeners. 


^TABLE 2.3 Guidelines for Live Loads 








Uniform Load 
on Beams and 
Decking, kN/m 2 
(lbs/ft 2 ) 


Concentrated 
Live Load on 
Decking, 
kN/m 2 (lbs/ft) 


Concentrated 
Load on Beams, 
kN (kips) 


Walkways and stairs 


4.79 (100) 


4.378 (300) 


4.44 (1) 


Areas over 400 ft 2 


3.11 (65) 






Areas of unspecified 
light use 


11.97 (250) 


10.95 (750) 


267 (60) 


Areas where specified 
loads are supported 
directly by beams 




7.3 (500) 




V 






y 
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TABLE 2.4 Live Loads Values Based on Structure Member 



Loading, kN/m 2 







Member Category 






Area 


Deck Plate, 
Grating and 
Stringers 


Deck 

Beams 


Main 

Framing 


Jacket and 
Foundation 


Point 
Load, kN 


Laydown areas 


12 


10 


a 




30 


Open deck areas 
and access hatches 


12 


10 


a 


c 


15 


Mechanical 
handling routes 


10 


5 


a 


c 


30 


Stairs and landing 


2.5 


2.5 


b 


— 


1.5 


Walkways and 
access platforms 


5 


2.5 


a 


c 


5 










d 



a For the design of the main framing, two cases should be considered: 

• Maximum operating condition: all equipment, including future items and helicopter, together 
with 2.5 kN/m 2 on the laydown area. 

• Live load condition: all equipment loads but no future equipment, together with 2.5 kN/m 2 on 
the laydown areas, and a total additional live load of 50 tons. This live load should be applied as 
a constant uniformly distributed load over the open areas of the deck. 

b Loading for deck plate, grating and stringers should be combined with structural dead loads and 
designed for the most onerous of the following: 

• Loading over entire contributory deck area. 

• A point load (applied over a 300 mm x 300 mm footprint). 

• Functional loads plus design load on clear areas. 

c For substructure design, deck loading on clear areas in extreme storm conditions may be reduced to zero, 
in view of the fact that the platform is not normally manned during storm conditions. A total live load of 
200 kN at the topside center of gravity should be assumed for the design of the jacket and foundations. 
d Point load for access platform beam design is to be 10 kN and 5 kN for deck grating and stringers, 
respectively. 



beams and brackets. The loads for the primary design should be used in the 
design of girders and columns. The loads for the global design should be 
used for the design of the deck main structure and substructure. 

From Table 2.5, the wheel loads should be added to distributed loads where 
relevant. (Wheel loads can be considered as acting on an area of 300 X 300 mm.) 
Point loads, which should be applied on an area 100 X 100 mm, and at the most 
severe position, should not be added to wheel loads or distributed loads. 

The value of q in Table 2.5 is to be evaluated for each case. Laydown areas 
should not be designed for less than 15 kN/m 2 . The value of/ in Table 2.5 is 
obtained from: 

/ = min{1.0, (0.5 + 3 /\/!a)} (2.1) 

where A is the loaded area in m 2 . 
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TABLE 2.5 Variable Functional Loads on Deck Areas 


N 




Load Design 


Primary Design 


Global 

Design 




Distributed 

Load, 

kN/m 2 


Point 

Load, 

kN 


Apply Factor 
for Distributed 
Load 


Apply Factor 
to Primary 
Design Load 


Storage areas 


q 


1.5 q 


1.0 


1.0 


Laydown areas 


q 


1.5 q 


f 


f 


Lifeboat platforms 


9.0 


9.0 


1.0 


May be 
ignored 


Area between 
equipment 


5.0 


5.0 


f 


May be 
ignored 


Walkways, staircases 
and platform crew 
spaces 


4.0 


4.0 


f 


May be 
ignored 


Walkways and staircases 
for inspection only 


3.0 


3.0 


f 


May be 
ignored 


Areas not exposed to 
other functional 
loads 


2.5 


2.5 


1.0 


May be 
ignored 


Where f is calculated from equation (2.1). 









Global loads should be established based on the worst-case-scenario 
characteristic load combinations complying with the limited global criteria 
for the structure. For buoyant structures, these criteria are established by 
requirements for the floating position in still water, and intact and damage 
stability requirements, as documented in the operational manual, are consid- 
ered for variable loads on the deck and in tanks. 

In calculating the dry weight of piping, valves and other structure supports, 
there should be a 20% increase as a contingency for all estimates of piping 
weight, because in most cases there are changes in piping dimensions and loca- 
tion during the lifetime of the structure. In addition, all the piping and fittings 
are calculated in the operating condition, assuming they are full of water with 
specific gravity equal to 1, with a 20% contingency. 

When calculating the dry weight of all equipment, equipment skid, storage 
and helicopter, a contingency allowance of 10% should be included. 

From a practical point of view, Table 2.6 presents the minimum uniform live 
load values from industrial practices. 
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TABLE 2.6 Minimum Uniform Loads from Industrial Practices 




Platform Deck 




Uniform Load, kN/m 2 (lb/ft 2 ) 


Helideck 


Without helicopter 




14 (350) 




With Bell 212 




2 (40) 




Mezzanine deck 




12 (250) 




Production deck 




17 (350) 




Access platforms 




12 (250) 




Stairs/walkways 




4.7 (100) 




Open area used in conjunction with the 
equipment operating and piping loads for 
operating and storm conditions 


2.4 (50) 




V 










^TABLE 2.7 Impact Load Factor 












Load Direction 




Structural Item 


Vertical 


Horizontal 




Rated load of cranes 


1 00% 


100% 




Support of light machinery 


20% 


0% 




Support of reciprocating machinery 


50% 


50% 




Boat landings 


200 kips (890 kN) 200 kips (890 kN) 




V 






y 


2.2.3 Impact Load 








For structural components carrying live loads that could face impact, the live 
load must be increased to account for the impact effect, as shown in Table 2.7. 



2.2.4 Design for Serviceability Limit State 

The serviceability of the topside structures can be affected by excessive relative 
displacement or vibration in vertical or horizontal directions. Limits for either 
can be dictated by the following: 

• Discomfort to personnel. 

• Integrity and operability of equipment or connected pipework. 

• Limits to control deflection of supported structures, such as flare structures. 
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• Damage to architectural finishes. 

• Operational requirements for drainage (free surface or piped fluids). 

Unless stricter limits are established by the platform owner’s company or 
regulator, the limits of deflection (presented in “Deflections” below) should 
apply. 

Vibrations 

All sources of vibration should be considered in the design of the structure. 
At a minimum, the following should be reviewed for their effect on the 
structure: 

• Operating mechanical equipment, including that used in drilling operations. 

• Vibrations from variations of fluid flow in piping systems, in particular 
slugging. 

• Oscillations from vortex shedding on slender tubular structures. 

• Global motions from the effect of environmental actions on the total 
platform structure. 

• Vibrations due to earthquake and accidental events. 

Design limits for vibration should be established from operational limits set 
by equipment suppliers and from the requirements for personnel comfort, health 
and safety. 

It is important to note that large cantilevers, whether they are simple beams 
or trusses forming an integral part of the topside platforms, but excluding masts 
or booms, normally should be proportioned to have a natural period of less than 
1 second in the operating condition. 

Deflections 

The final deflected shape, A max , of any element or structure has three components: 

A max = A! + A 2 — A 0 (2.2) 

where A 0 is any precamber of a beam or element in the unloaded state if it exists, 
A | is the deflection from the permanent loads (actions) immediately after loading 
and A 2 is the deflection from the variable loading and any time-dependent defor- 
mations from permanent loads. 

The maximum values for vertical deflections, based on ISO 9001, are given 
in Table 2.8. 

The limiting values for vertical deflection based on a load and resistance factor 
design (LRFD) are given in Table 2.9. 

Lower limits may be necessary to limit ponding of surface fluids and to 
ensure that drainage systems function correctly. 

Horizontal deflections generally should be limited to 0.3% of the height 
between floors. For multifloor structures, the total horizontal deflection should 
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TABLE 2.8 Maximum Vertical Deflection Based on ISO 9001 




Structural Element 


^max 


a 2 




Floor beams 


ZV200 


ZV350 




Cantilever beams 


m oo 


L/150 




Deck plate 




2f or b/150 




^Note: L is the span, f is the deck thickness and b is the stiffener spacing. 




J 



TABLE 2.9 Limiting Values for Vertical Deflection Based on 


LRFD 




Structure Member A max 


a 2 




Deck beams U 200 


L300 




Deck beams supporting plaster or other U 250 

brittle finish or nonflexible partitions 


L350 




^Note: L is the beam span. For cantilevers, L is twice the projecting length of the cantilever. 


) 



not exceed 0.2% of the total height of the topside structure. Limits can be 
defined to limit pipe stresses and to avoid riser or conductor overstress or 
failure. Some designers allow higher deflections for structural elements where 
serviceability is not compromised by deflection. 

2.2.5 Helicopter Landing Loads 

The maximum dynamic local actions from an emergency landing may be deter- 
mined from the collapse load of the landing gear. This should be obtained from 
the helicopter’s manufacturer. 

Alternatively, default values may be used for design by considering an 
appropriate distribution of the total impact load of 2.5 times the maximum 
take-off weight (MTOW). 

The local loads used in design should correspond to the configuration of the 
landing gear. A single main rotor helicopter may be assumed to land simulta- 
neously on its two main undercarriages or skids. A tandem main rotor helicopter 
may be assumed to land on the wheels of all main undercarriages simulta- 
neously. For a single main rotor helicopter, the total loads imposed on the struc- 
ture should be taken as concentrated loads on the undercarriage centers of the 
specific helicopter divided equally between the two main undercarriages. For 
tandem main rotor helicopters, the total loads imposed on the structure should 
be taken as concentrated loads on the undercarriage centers of the specific 



CHAPTER | 2 Offshore Structure Loads and Strength 






helicopter and distributed between the main undercarriages in the proportion in 
which they carry the maximum static loads. 

The concentrated undercarriage loads should normally be treated as point 
loads but, where it is advantageous, a tire contact area may be assumed in accor- 
dance with the manufacturer’s specification. The MTOW and undercarriage 
centers for which the platform has been designed and the maximum size and 
weight of helicopters for which the deck is suitable should be recorded. 

Information on the dimensions and MTOW of specific helicopters is given 
in Table 2.10. 

Based on CAP 437, the take-off and landing area should be designed for the 
heaviest and largest helicopter anticipated to use the facility, as shown in 
Table 2.10. Helideck structures should be designed in accordance with the 
International Civil Aviation Organization (ICAO) requirements in the Heliport 
Manual, International Standards Organization (ISO) codes for offshore structures 
and, for a floating installation, the relevant International Maritime Organization 
(IMO) code. The maximum size and mass of helicopter for which the helideck 
has been designed should be stated in the installation or vessel operations manual 
and verification and classification documents. 



TABLE 2.10 Helicopter Weights, Dimensions and D Value for 
Different Types 




— -n 








Rotor 


Rotor 


Max 






D Value 1 


Perimeter 


Height 


Diameter 


Weight 




Type 


(m) 


D Marking 


(m) 


(m) 


(kg) 




Augusta A1 09 


13.05 


13 


3.30 


11 


2600 




Dauphin SA365N2 


13.68 


14 


4.01 


11.93 


4250 




Sikorsky S76B&C 


16.00 


16 


4.41 


13.40 


5307 




Bell 212 


17.46 


17 


4.80 


14.63 


5080 




Super Puma AS 


19.50 


20 


4.92 


16.20 


9300 




332L2 














Bell 214ST 


18.95 


19 


4.68 


15.85 


7936 




Sikorsky S61 N 


22.20 


22 


5.64 


18.90 


9298 




EH101 


22.80 


23 


6.65 


18.60 


14,600 





a The D value is the largest overall dimension of the helicopter when rotors are turning. This dimension will 
normally be measured from the most forward position of the main rotor tip path plane to the most 
rearward position of the tail rotor tip path plane or the most rearward extension of the fuselage in the case 
of Fenestron or Notar tails. The D circle is a circle, usually imaginary unless the helideck itself is circular, 
the diameter of which is the D value of the largest helicopter the helideck is intended to serve. 
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Loads for Helicopter Landings 

The helideck should be designed to withstand all the forces likely to act when a 

helicopter lands, including: 

a. Dynamic load due to impact landing. This should cover both a heavy 
normal landing and an emergency landing. For the former, an impact load of 
1.5 X maximum take-off mass (MTOM) of the helicopter should be used. 
This should be treated as an imposed load, applied together with the combined 
effects of (b) to (f) below in any position on the safe landing area so as to pro- 
duce the most severe landing condition for each element concerned. For an 
emergency landing, an impact load of 2.5 X MTOM should be applied in 
any position on the landing area together with the combined effects of (b) to 
(f) inclusive. Normally, the emergency landing case governs the design of 
the structure. 

b. Sympathetic response of landing platform. The above dynamic load should 
be increased by a structural response factor, depending on the natural fre- 
quency of the helideck structure, after considering the design of its support- 
ing beams and columns and the characteristics of the designated helicopter. 
It is recommended that a structure response factor of 1.3 be used unless 
further information is available to allow a lower factor to be calculated. 
Information required to do this will include the natural periods of vibration 
of the helideck and dynamic characteristics of the designated helicopter and 
its landing gear. 

c. Overall superimposed load on the landing platform. To allow for snow, person- 
nel and other live loads in addition to wheel loads, an allowance of 0.5 kN/m 2 
should be added over the whole area of the helideck. 

d. Lateral load on landing platform supports. The landing platform and its 
supports should be designed to resist concentrated horizontal imposed 
loads equivalent to 0.5 X MTOM of the helicopter, distributed between 
the undercarriages in proportion to the applied vertical loading in the direction 
that will produce the most severe loading on the element being considered. 

e. Dead load of structural members. 

f. Wind loading. Wind loading should be allowed for in the design of the plat- 
form. This should be applied in the direction that, together with the imposed 
lateral loading, will produce the most severe loading condition on each 
element. 

g. Punching shear. A check should be made for the punching shear from an 
undercarriage wheel with a contact area of 65 X 103 mm 2 acting in any prob- 
able location. Particular attention to detail should be taken at the junction of the 
supports and the platform deck. 

Loads for Helicopters at Rest 

The helideck should be designed to withstand all the applied forces that could 

result from a helicopter at rest. The helideck components should be designed to 
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resist the following simultaneous actions in normal landing and at rest 
situations: 

• Helicopter static loads (local landing gear, local patch loads) 

• Area load 

• Helicopter tie-down loads, including wind loads from a secured helicopter 

• Dead loads 

• Helideck structure and fixed appurtenances self-weight 

• Wind loading 

• Installation motion 

Helicopter Static Loads 

All parts of the helideck accessible to a helicopter should be designed to carry an 
imposed load equal to the MTOW of the helicopter. This should be distributed at 
the landing gear locations in relation to the position of the center of gravity of the 
helicopter, taking into account different orientations of the helicopter with 
respect to the installation. 

Area Load 

To allow for personnel, freight, refueling equipment and other traffic, snow and 
ice, rotor downwash and other, a general area load of 2.0 kN/m 2 should be 
included. 

Helicopter Tie-down Loads 

Each tie-down should be designed to resist the total wind load imposed by 
“100-year storm” winds on the helicopter. 

Sufficient flush-fitting tie-down points should be provided for securing all 
the helicopter types for which the landing area is designed. They should be 
located and be of such construction so as to secure the helicopter when sub- 
jected to weather conditions of a severity unlikely to be exceeded in any one 
year. They should also take into account any recommendations made by the air- 
craft manufacturer and, where significant, the inertial forces resulting from 
movement of floating platforms. 

Wind Loading 

Wind loading on the helideck structure should be applied in the direction that, 
together with the horizontal imposed loading, will produce the most severe 
loading condition for the element considered. 

Consideration should also be given to the additional wind loading from a 
secured helicopter, as noted above. 

Installation Motion 

The effect of acceleration forces and other dynamic amplification forces arising 
from the predicted motions of the installation in the 100-year storm condition 
should be considered. 



2.2 Gravity Loads 



Gjp 



Safety Net Arms and Framing 

Safety nets for personnel protection should be installed around the landing area 
except where structural protection exists. The netting used should be flexible, 
with the inboard edge fastened level with, or just below, the edge of the helicopter 
landing deck. The net itself should extend at least 1.5 m in the horizontal plane 
and be arranged so that the outboard edge is slightly above the level of the landing 
area, but not by more than 0.25 m, so that it has an upward and outward slope of at 
least 10°. The supporting structure associated with the safety net should be cap- 
able of withstanding, without damage, a 75 kg weight being dropped from a 
height of 1 m onto an area of 0.25 nr. 

The entire helideck, including any separate parking or runoff area, should be 
designed to resist an imposed load equal to the MTOM of the helicopter. This 
load should be distributed between all the undercarriages of the helicopter. It 
should be applied in any position on the helicopter platform so as to produce 
the most severe loading condition for each element considered. 

The values for these overall superimposed loads, dead loads, and wind loads 
should be considered to act in combination with the dynamic load impact, as 
discussed above. Consideration should also be given to the additional wind 
loading from any parked or secured helicopter. 

Based on the American Petroleum Institute (API) RP2L design for heliports, 
the flight deck, stiffeners and supporting structure should be designed to 
withstand the helicopter landing load encountered during exceptionally hard 
landing after power failure while hovering. Examples of helicopter parameters 
that should be obtained are shown in Table 2. 1 1 and it is recommended that para- 
meters similar to those given in the table be obtained from the manufacturer of 
any helicopter considered in the helideck design. 

The maximum contact area per landing gear used to design deck plate 
bending and shear should conform to the manufacturer’s values given in 
Table 2.11. For multiwheeled landing gear, the value of the contact area is 
the sum of the areas for each wheel. The contact area for float or skid landing 
gear is the area of the float or skid around each support strut. 

The load distribution per landing gear, in terms of percentage of gross 
weight, is given in Table 2.11. 

The design landing load is the landing gear load based on a percent of a 
helicopter’s gross weight times an impact factor of 1.5. For percentages and 
helicopter gross weight, see Table 2.11. 

Design Load Conditions 

The heliport should be designed for at least the following combinations of 
design loads: 

• Dead load plus live load. 

• Dead load plus design landing load. If icing conditions are prevalent during 
normal helicopter operations, superposition of an appropriate live load 
should be considered. 

• Dead load plus live load plus wind load. 



TABLE 2.11 Technical Parameters for Helicopters 



Manufacturer 

Model 


Common 

Name 


Gross 

Weight 

(kg) 


Overall 
Length (m) 


Type 


Fore 


Number 

Aft 


Contact Area 

Fore Aft 

(cm 2 ) (cm 2 ) 


Percentage of 
Gross Weight 

Fore Aft 


Distance 
between 
Fore and Aft 
Gears (m) 


Width 
between 
Gears (m) 


Aerospatiale 


315B 


Lama 


2305 


12.9 


Skid 










38 


62 




2.4 


316B 




2205 


12.9 


Wheel 


1 


2 


297 


594 


28 


72 


3.1 


2.6 


318C 


Alouette II 


1656 


12.1 


Skid 
















2.3 


330J 


Puma 


7400 


18.2 


Wheel 


2 


4 


1200 


2142 


36 


64 


5.3 


3.0 


332L 


Super 


8351 


18.7 


Wheel 


2 


2 


465 


735 


40 


60 


4.5 


3.0 




Puma 
























341 C 


Gazelle 


1800 


12.0 


Skid 










51 


49 




2.1 


350B/d 


ASTAR 


1950.5 


13.0 


Skid 










51 


49 




2.1 


360 


Dauphin 


2799 


13.4 


Wheel 


2 


1 










7.2 


2.0 


360C 




2994 


13.4 


Wheel 


2 


1 


213 


123 


84 


16 


3.32 


2.4 


360C 




2994 


13.4 


Skid 










84 


16 


3.32 


2.3 


365C 




3401 


13.4 


Wheel 


2 


1 


213 


123 


84 


16 


3.32 


2.4 


365C 




3401 


13.4 


Skid 
















2.3 


365N 


Dauphin 2 


3850 


13.5 


Wheel 


2 


2 


245 


426 


22 


78 


3.6 


2.0 


A109 


Hirando 


2450 


13.1 


Wheel 


1 


2 


129 


129 






3.5 


2.3 



V -J 




Bell Helicopter 



47G 




1338 


13.3 


Skid 






174 


174 






1.6 


2.3 


205A-1 




4309 


17.4 


Skid 






310 


310 






2.3 


2.7 


206B 


Jet Ranger 


1451 


12.0 


Skid 






174 


174 


19 


81 


1.4 


1.8 


212 


Twin 


5080 


17.5 


Skid 






310 


310 


22 


78 


2.3 


2.5 


214B 


Big Lifter 


7257 


19.0 


Skid 
















2.6 


214ST 


Super 

Transport 


7938 


19.0 


Wheel 


2 


2 


247 


581 


22 


78 


4.8 


2.8 


222B 




3742 


15.3 


Wheel 


1 


2 


123 


413 


19 


81 


3.7 


2.8 


222UT 




3742 


15.3 


Skid 






310 


310 


32 


68 


2.4 


2.4 


412 




5262 


17.1 


Skid 






310 


310 


20 


80 


2.4 


2.5 


BO105C 




2300 


11.8 


Skid 
















2.6 


BO105CBS 




2400 


11.9 


Skid 






181 


181 


36 


64 




2.5 


CH47234 




22,680 


30.2 


Wheel 


4 


2 


1007 


503 






6.9 


3.4 


FH-1100 




1247 


12.7 


Skid 
















2.2 


Hiller 


UH-12L4 




1406 


12.4 


Skid 
















2.3 



UH12E/E4 



1270 



12.4 



Skid 



2.3 
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Most classification societies with jurisdiction in the U.K. sector of the North 
Sea have classification notes available that include helideck specifications. 
Because the main duties of some of these authorities is primarily classification 
of floating structures, the helideck specifications generally appear only within 
rules for mobile offshore units and the like. Two, however, Lloyd’s Register 
of Shipping (LRS) and Det Norske Veritas (DNV), have adopted identical 
specifications for fixed platforms. 

Tables 2.12 and 2.13 summarize the loading requirements for most regular 
specifications. Table 2.12 is concerned with the load specifications during 
helicopter landings, while Table 2.13 relates to helicopters in the stowed position. 

From both tables, it can be seen requirements vary considerably among the 
specifications, with particular variation in: 

• The factor on MTOW (M) for emergency landing conditions. 

• Whether a deck response factor is considered. 

• Whether the level of superimposed load is considered simultaneously or 
separately. 

• Whether a lateral load is considered simultaneously with the emergency 
landing load. 

Example of Helicopter Load 

The helicopter loads presented in Table 2.12 are used here for the skid 
loading model. In the SACS input loading menu for a Bell-212 helicopter, 
the MTOW = 50 kN (5 tons). 

The helicopter has two skids. Each skid’s geometrical dimensions are 
assumed to be 3.68 (L) X 2.856 (W) meters, with the center of gravity (C.o.G.) 
point of application at the middle of the skid. The height of the helicopter 
fuselage is taken as 2 m. 

1. CAP-437 imposed live load = 0.5 kN/m 2 

2. At-rest condition = 1 X MTOW = 50.0 kN 

3. Normal operating condition = 1.5 X 1.3 X MTOW = 97.50 kN 

4. Emergency landing condition = 2.5 X 1.3 X MTOW = 162.50 kN 

The landing conditions, either normal operating or emergency, are combined 
with lateral horizontal force = 0.5 X MTOW = 25.0 kN applied on both skids. 

2.2.6 Crane Support Structures 

The crane support structures comprise the crane pedestal and its connections to 
the topside structure’s primary steelwork. They do not include the slew ring or 
its equivalent or the connections between the slew ring and the pedestal. 

Crane support structures should, where practical, be attached at the intersec- 
tion of topside primary trusses and connected at main deck elevations with 
minimal eccentricities. 




TABLE 2.12 Helicopter Landing Loading Specifications of Various Authorities 





ISO 


CAP 


HSE 


ABS 


B.V. 


DNV 


GL 


LRS 


Heavy landing 


— 


1.5 M 














Emergency landing 


2.5 M 


2.5 M 


2.5 M 


1 .5 M a 


3.0 M 


2.0 M 


1.5 M 


1.5 M b 

2.5 M c 


Deck response factor 


1.3 


1.3 d 


1.3 d 


— 


— 


— 


— 


— 


Superimposed 
load, kN/m 2 


0.5 


0.5 


0.5 


2.0 e 


2.0 e 


As normal 
class 


0.5 


0.2 M c 


Lateral load 


0.5 M 


0.5 M 


0.5 M 


— 


— 


0.4 M 


— 


0.5 M 


Wind load 


Max. oper. 






Normal 

design 




V w = 30 m/s 


V w = 25 m/s 


— 



Note: M is the maximum take-off weight and V w is the wind velocity. The authorities are: American Bureau of Shipping (ABS), Bureau Veritas (B.V.), Det Norske Veritas 
(DNV), Germanischer Lloyd (GL) and Lloyd’s Register of Shipping (LRS). 
a Manufacturer , s recommended wheel impact loads. 
b For design of plating. 

c For design of stiffening and supporting structure. 

d Additional frequency-dependent values given for Chinook helicopter. 

e Considered independently. 
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TABLE 2.13 Loading Specifications for a Helicopter at Rest from 
Various Authorities 





ISO 


CAP 


HSE 


ABS 


B.V. 


DNV 


GL a 


LRS 


Self-weight 


M 


M 


M 


M 


M 


M 


1.5 M 


M 


Super- 


2.0 


0.5 


0.5 


0.49 


0.5 


As 


2.0 


2.0 


imposed 












normal 






load, kN/m 2 












class 






Wind load 


1 00-yr 










V w = 


v w = 


— 




storm 










55 m/s 


50 m/s 





Note: M is the maximum take-off weight and V w is the wind velocity. 

a Fixed platforms; for floating platforms, also include lateral load of 0.6 (M + W) where W is the deck 
weight considering the platform side sway. 



The pedestal should be included in the analytical model of the primary structure 
as its stiffness can have a significant effect on load distribution. When they are located 
in accordance with this guideline, the crane support structures’ performance will 
generally be governed by static actions with negligible dynamic amplification. The 
stmctures are, however, subject to fatigue damage and should always be checked 
to ensure that fatigue life is satisfactory for the required service conditions. 

The maximum rotation at the top of the pedestal or in the plane of the effective 
point of support should not exceed the manufacturer’s recommended requirements 
and in no case should it exceed 1° for the most onerous case of loading. Where this 
criterion cannot be met, the dynamic response should be checked. 

Several situations are considered in the design of the crane support 
structures: 

• Crane working in calm conditions. 

• Crane working at maximum operating wind conditions. The maximum operating 
wind may be different for platform lifts and for sea lifts and for lifts to or from an 
adjacent vessel, and it may also vary depending on the weight being lifted. 

• Crane collapse scenario. This situation is included to ensure that, in the event 
of a gross overload of the crane causing collapse of any part of the crane struc- 
ture (most commonly the boom or A-frame), no damage to the crane support 
structure is suffered and progressive collapse is resisted. 

The loading in each of these cases should be checked as follows, based on ISO 9001 . 

Crane Working without Wind 

F c = F G +fF L + F H (2.3) 

where F c is the total crane load, F c is the vertical load due to dead weight of 
components, F L is the vertical load due to the suspended load, including sheave 



2.2 Gravity Loads 



GD 



blocks, hooks and others, F H is the horizontal load due to offlead and side-lead 
and/is a dynamic coefficient that should be taken as 2.0 for sea lifts and 1.3 for 
platform lifts. 

Crane Working with Wind 

F cw = F c +fF L + F h + F w (2.4) 

where F cw is the crane lateral load due to wind, F c , F,, F u and /are as above, 
F w is the operating wind action and /should be taken as 2.0 for sea lifts and 1.3 
for platform lifts for a maximum crane operating wind. 

Crane at Rest (Not Working), Extreme Wind 

F C r = F(, + F w,max (2.5) 

where F cr is the crane load at rest, F c is as above and F Wm&x is the extreme 
wind action. 

The action factors used with each of the above should be those for normal 
operating conditions. 

For the crane working in calm conditions and the crane working at maximum 
operating wind conditions, F L should be selected to check the lifted load 
applicable to both maximum and minimum crane radius, for sea and platform 
lifts. 

For the crane working at maximum operating wind conditions and the crane 
at rest in extreme wind conditions, the most onerous wind directions should be 
checked. 

It should be demonstrated that the crane pedestal and its components are 
designed to safely resist the forces and moments from the most onerous loading 
condition applicable to the prevailing sea state together with associated offlead 
and side-lead forces. These values should be obtained from the crane manufacturer, 
and the angles used should not be less than the following: 

• Offlead angle: 6° 

• Side -lead angle: 3° 

The crane support structures should be designed so that their failure load 
exceeds the collapse capacity of the crane. 

The crane manufacturer’s failure curves, for all crane conditions, should be 
used to determine the worst loading on the pedestal. It should be assumed that 
the maximum lower bound failure moment of the weakest component will place 
an upper bound on the forces and moments to which the pedestal can be subjected. 

The design moment for the crane failure condition should be taken as the lower 
bound failure moment described above, multiplied by a safety factor of 1.3. 

It is not normal practice for the support structure of offshore cranes to be 
subject to a dynamic analysis. The process of fatigue design incorporates an 
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average dynamic amplification factor (DAF) for all lifts and this has been 
found to provide satisfactory results in practice. A dynamic analysis is 
required only where the design is unconventional or the maximum rotation 
at the plane of support exceeds the limit of 1°, and experience or engineering 
judgment indicates that the performance of the crane support structure may be 
adversely affected by its dynamic response to actions. Where dynamic analy- 
sis is considered necessary, the model employed should be sufficiently 
detailed to ensure that the coupled response of the crane and its supports 
are realistically represented. Any mechanical damping device incorporated 
within the design of the crane should be taken into consideration. Where 
appropriate, the results of the dynamic analysis may be used to modify the 
fatigue design process. 



2.3 WIND LOAD 

The wind data are provided by the owner according to the metocean study, 
which defines the prevailing wind direction and the maximum wind speed 
every 1 year, 50 years and 100 years. Figures 2.1 and 2.2 are examples of 
wind data from a metocean study report. 

The most important design considerations for an offshore platform are the 
storm wind and storm wave loadings it will be subjected to during its service 
life. These data are usually available to the owner and are officially submitted 
to the engineering firm. If these data are not available, they should be retrieved 
from an experienced authority in the country where the platform will be located 
or other specific international offices. 



N 




FIGURE 2.1 Example of wind at a location in the Gulf of Suez in the Red Sea (GoS). 




2.3 Wind Load 



C jD 



co 

< 

E 

o 



T3 

01 

0) 

Q. 



0.0 

2.0 

4.0 

6.0 
8.0 

10.0 

12.0 

14.0 

16.0 

18.0 

20.0 

22.0 

Total 



N 


NE 


E 


SE 


S 


SW 


W 


NW 


Total 


CFD 


0.34 


0.28 


0.24 


0.24 


0.19 


0.22 


0.39 


0.43 


2.3 


100.0 


1.9 


1.2 


0.61 


0.60 


0.32 


0.34 


2.0 


2.9 


9.8 


97.7 


8.2 


1.9 


0.16 


0.47 


0.22 


0.31 


4.8 


3.6 


19.8 


87.9 


19.3 


1.7 


0.01 


0.35 


0.18 


0.25 


3.6 


0.93 


26.2 


68.1 


21.6 


0.74 


< 0.01 


0.23 


0.13 


0.15 


1.4 


0.13 


24.4 


41.8 


12.6 


0.18 


< 0.01 


0.11 


0.05 


0.03 


0.62 


0.02 


13.6 


17.4 


3.2 


0.02 


< 0.01 


0.03 


0.01 


< 0.01 


0.18 


< 0.01 


3.4 


3.9 


0.32 


< 0.01 




< 0.01 


0.01 


< 0.01 


0.04 


< 0.01 


0.38 


0.42 


< 0.01 






< 0.01 


< 0.01 


< 0.01 


0.01 




0.03 


0.04 


< 0.01 






< 0.01 






< 0.01 


< 0.01 


< 0.01 


< 0.01 














< 0.01 




< 0.01 


< 0.01 


67.4 


6.0 


1.0 


2.0 


1.1 


1.3 


13.0 


8.0 


100.0 





FIGURE 2.2 The tabulated data for mean wind speed from different directions. 



The wind speed at any elevation above a water surface is presented as: 

V z = Vio(z/10) L7 (2.6) 

The wind velocity, vertical wind profile and time averaging duration in rela- 
tion to the dimensions and dynamic sensitivity of the structure’s components 
should be determined. In special cases, dynamic response to wind action can 
be significant and should be taken into account. 

In addition, the following meteorologic data should be obtained: 

• Lowest air temperature 

• Highest air temperature 

• Average air temperature 

• Maximum relative humidity 

• Minimum relative humidity 

• Average relative humidity 

• Annual fog days 

• Annual thunderstorm days 

• Total annual rainfall 

• Maximum rainfall in one day 

• Annual rainfall days 

• Sea water surface temperature 

• Maximum degree of salt 

• Minimum degree of salt 
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• Average degree of salt 

• Mud temperature at seabed at 0 m, 1.0 m, 1.5 m and 2.0 m 

• Snow maximum thickness and average thickness 

For all directions and wind angles of approach to the structure, wind actions on 
vertical cylindrical objects may be assumed to act in the direction of the wind. 
Actions on cylindrical objects that are not in a vertical attitude should be calculated 
using appropriate formulae that take into account the direction of the wind in rela- 
tion to the altitude of the object. Actions on walls and other flat surfaces that are not 
perpendicular to the direction of the wind should also be calculated using appro- 
priate formulae that account for the skewness between the direction of the wind 
and the plane of the surface. Where appropriate, loads caused by wind should 
be calculated with due account for increased exposure area and surface roughness 
due to ice. Local wind effects, such as pressure concentrations and internal pres- 
sures, should be considered by the designer where applicable. 

In accordance with the above observations, attention should be given to 
which velocity (in magnitude and direction) and which area are to be used. 
Similarly, the direction of the resulting action vector should be carefully consid- 
ered. The basic relationship between the wind velocity and the wind load on an 
object is presented by the following equation: 

F= 1/2 p a V w C s A (2.7) 

where F is the wind action on the object, p a is the mass density of air (at standard 
temperature and pressure), V w is the wind speed, C s is the shape coefficient and 
A is the area of the object. 

In the absence of data indicating otherwise, the shape coefficients in 
Table 2.14 are recommended for perpendicular wind approach angles with 
respect to each projected area. 



TABLE 2.14 Shape Coefficients, C s , for Perpendicular Wind Approach 
Angles 



Component 



Shape Coefficients, C s 



Flat walls of buildings 



1.5 



Overall projected area of structure 



1.0 



Beams 



1.5 



Cylinder 



0.5 



Smooth R„> 5 x 1 0 5 



0.65 



Smooth R„ < 5 x 1 0 5 



1.2 



Rough all R e 



1.05 



Covered with ice, all 



1.2 



2.3 Wind Load 



QD 



Wind loads on downstream components can be reduced due to shielding by 
upstream components. The extreme quasistatic global action caused by wind 
should be calculated as the vector sum of the total above wind loads on all objects. 

When wind loads are important for structural design, wind pressures and result- 
ing local loads should be determined from wind tunnel tests on a representative 
model or from a computational model representing the structure and considering 
the range and variation of wind velocities. Computational models should be vali- 
dated against wind tunnel tests or full-scale measurements of similar structures. 

The code equation, which is the same for the different codes, can be used to 
calculate the wind force on the structure: 

Vj 0 = wind speed at height 10 m 
10 = reference height, m 
z = desired elevation, m 

Table 2.15 lists some design wind pressures for a 100-year storm with a 
sustained wind velocity of 125 mph. 

For the wind load on the topside, there are usually a series of beams or trusses 
that serve as a shield from the wind. Therefore, according to Table 2.16 (from 
API), there is a reduction (shielding) factor for the wind load. For example, 



TABLE 2.15 Design Wind Pressures at 125 mph for a 100-Year Storm 



Structure Member 



Pressure, kN/m 2 (lb/ft 2 ) 



Flat surfaces, such as wide flange beams, gusset plates, 2.9 (60) 
sides of building, etc. 



Cylindrical structural members 



2.3 (48) 



Cylindrical deck equipment ( L = 4D) 



1 .4 (30) 



Tanks standing on end ( H < D) 



1.16 (25) 



Note, L is the member length, D is the member diameter and H is the cylindrical tank height 



TABLE 2.16 Shielding Factors 



Component 



Shielding Factor 



Second in a series of trusses 



0.75 



Third or more in a series of trusses 



0.50 



Second in a series of beams 



0.50 



Third or more in a series of beams 



0.00 



Second in a series of tanks 



1.00 
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there is a shielding factor for the second series of trusses and beams and for the 
third or more in a series of beams, the reduction is great enough that there is no 
wind load effect. Furthermore, if there is a short object behind a long object, the 
short object will be free from any wind load effect. 

According to DNV, the wind pressure acting on the surface of helidecks may 
be calculated using a pressure coefficient C p = 2.0 at the leading edge of the heli- 
deck, linearly reducing to C p = 0 at the trailing edge, taken in the direction of the 
wind. The pressure may act both upward and downward. 



2.4 STAIR DESIGN 

The first bay of the stair that connects the main deck at level 13.525 m to the 

helideck is the most critical stair bay. 

2.4.1 Gravity Loads 

• Uniform gravity loads/one stair channel = (dead load + live load) X Vi stair 
width + handrail weight/meter + channel weight/meter 

• Dead load = 0.5 kN/m' 

• Live load = 50 psf = 2.5 kN/m' (extracted from Table 2.17 or as per project 
specification) 

• Handrail weight/meter = 0.4 kN/m' 

• Channel weight/meter = 0.379 kN/m' 

• Uniform gravity loads (ton/m )/one stair channel = (0.5 + 2.5) X 0.5 X 1.2 + 
0.4 + 0.379 = 2.6 kN/m' 

• Moment = (uniform load/m) X inclined length X projected length/8 = 2.6 X 
6.22 X 4.4/8 = 8.9 m/kN 



TABLE 2.17 Live Load 


on the Fixed Platform from Technical Practice 


N 






Loadings, kN/m 2 










Member Category 






Area 


Deck Plate, 
Grating and 
Stringers 


Deck Beams 


Main Truss 
Framing, Girders, 
Jacket and 
Foundation 


Cellar and main decks 


14.4 


9.6 


9.6 




Walkway, stairs and 
access decks 


4.8 


2.4 


7.2 




Laydown areas 


19 


14.4 


7.2 
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• Actual stress = moment/section modulus = 8.9 (10 6 )/371 = 24,000 kN/m 2 

• Unsupported length = 6.22 m 

• Allowable stress (ksi) = 12,000 Q/(member length X depth/area of flange) = 
12,000 X l/[622 X 26/(9 X 1.4)] = 9.35 ksi = 64,466 kN/m 2 > actual stress 

2.4.2 Wind Loads 

• Wind loads/one stair channel = C d X Yi X p X V 2 X Vi stair width 

• C,i (drag coefficient) = 2 

• p (air intensity) = 1 .3 kg/m 3 

• V (wind velocity) = 29 m/sec 

• Wind loads/one stair channel = 2 X Vi X 1.3 X 29 2 X 0.6 = 655.98 N/m = 
0.66 kN/m 2 

• Moment = (wind load/m) X inclined length X projected length/8 = 
0.66 X 6.22 X 4.4/8 = 0.23 m/kN 

• Actual stress (gravity + wind) = moment/section modulus = (8.9 + 0.23) 
(10 6 )/371 = 24,609 kN/m 2 < allowable stress X 1.33 

Note that wind loads on a channel in the minor axis direction are neglected 
because horizontal bracing is provided. 



2.5 OFFSHORE LOADS 

Offshore loads that most affect platforms are waves, tide and current. For this 
discussion, some terminology related to sea water levels has to be introduced: 

• High-high water level (HHWL) 

• Mean-high water level (MHWL) 

• Mean water level (MWL), equal to mean sea level (MSL) and still water 
level (SWL) 

• Low-low water level (LLWL), equal to the chart datum (CD) 

• Mean-low water level (MLWL) 

The mean-low water level is less than the mean-high water level by 304 mm (1 ft). 

Tides are the rise and fall of sea levels caused by the combined effects of the 
gravitational forces exerted by the moon and the sun and the rotation of the 
Earth. Most places in the ocean usually experience two high tides and two 
low tides each day (semidiurnal tide), but some locations experience only 
one high and one low tide each day (diurnal tide). The times and amplitude 
of the tides at the coast are influenced by the alignment of the sun and 
moon, by the pattern of tides in the deep ocean, as shown in Figure 2.3, and 
by the shape of the coastline and near-shore bathymetry. 

Most coastal areas experience two high and two low tides per day. The 
gravitational effect of the moon on the surface of the Earth is the same when it 
is at its zenith as when it is at its nadir. The moon orbits the Earth in the same 
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FIGURE 2.3 Times of neap and spring tides. 



direction the Earth rotates on its axis, so it takes slightly more than a day — about 
24 hours and 50 minutes — for the moon to return to the same location in the sky. 
During this time, it has passed its zenith once and its nadir once, so in many 
places the period of strongest tidal forces is 12 hours and 25 minutes. High 
tides do not necessarily occur when the moon is at its zenith or nadir, but the 
period of the forces still determines the time between high tides. 

Storm surge is an offshore rise of water associated with a low-pressure 
weather system, typically a tropical cyclone. Storm surges are caused primarily 
by high winds pushing on the ocean’s surface. The wind causes the water to pile 
up higher than the ordinary sea level. Low pressure at the center of a weather 
system also has a small secondary effect, as can the bathymetry of the body of 
water. It is this combined effect of low pressure and persistent wind over a 
shallow water body that is the most common cause of storm surge flooding 
problems. The term storm surge in casual (nonscientific) use is storm tide; 
that is, it refers to the rise of water associated with the storm, plus tide, wave 
run-up and freshwater flooding. When referencing storm surge height, it is 
important to clarify the usage, as well as the reference point. 

2.5.1 Wave Load 

Large forces result when waves strike a platform’s deck and equipment. Where insuf- 
ficient air gap exists, all actions resulting from waves, including buoyancy, inertia, 
drag and slam, should be taken into account (see ISO 19901-1 and ISO 19902). 

Typically, waves in the ocean often appear as a confused and constantly chan- 
ging sea of crests and troughs on the water’s surface because of the irregularity of 
wave shape and the variability in the direction of propagation. The direction of 
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wave propagation can be assessed as an average of the direction of individual 
waves. Wave direction is considered to affect the platform omnidirectionally, 
as per API RP2A. 

In general, actual water-wave phenomena are complex and difficult to 
describe mathematically because of nonlinearities, three-dimensional character- 
istics and apparent random behavior. However, there are two classic theories 
that describe simple waves, one developed by Airy in 1845 and the other by 
Stokes in 1880. The Airy and Stokes theories generally predict wave behavior 
better where water depth relative to wavelength is not too small. For shallow 
water regions, conidial wave theory, originally developed by Korteweg and 
DeVries in 1895, provides a reliable prediction of the waveform and associated 
motions for some conditions. Recently, the work involved in using conidial 
wave theory has been substantially reduced by the introduction of graphical 
and tubular forms of function by Wiegel in 1960 and Masc and Wiegel in 
1961; however, application of the theory is still complex. 

In 1880, Stokes developed a finite amplitude theory that is more satisfactory. 
Only the second-order Stokes equation is presented, but the use of higher-order 
approximations is sometimes justified for the solution of practical problems. 

Another widely used theory, known as the stream function theory, is a nonlinear 
solution similar to the Stokes fifth-order theory, as both use summations of sine and 
cosine waveforms to develop a solution to the original differential equation. 

The theory to be used for a particular offshore design is determined by the 
policy under which the designing engineers are working. 

The selection of the best method is defined by curves produced by Atkins 
(1990) and modified by the API Task Group. In general, the stream function 
method covers the broadest range of dimensionless wave steepness ( H/gT ) 
and dimensionless relative depth ( d/gT ), where d is the mean water depth, 
T is the wave period, H is the wave height, and g is the acceleration of gravity. 
The Airy theory is used for intermediate and deep water depths with relative 
water depth greater than 0.0025 and it can be used for relative depth greater 
than 0.05 with wave steepness up to 0.001. Stokes fifth-order theory should 
be used for relative depth greater than 0.01 and wave steepness greater 
than 0.001. 

Metocean data serve as the basis for Figure 2.4, which shows the probability 
of wave height at a particular platform location. Sample metocean data are 
shown in Table 2.18. 

The sea state ( E) is calculated by dividing a waveform into small slides, not- 
ing that for each slide, the height, H b is squared, and then the values for all the 
slides are added together and averaged. Then E is calculated as: 

i v 

E = 2 — — 



N 
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FIGURE 2.4 Probability of wave height. 



TABLE 2.18 Example of Metocean Data 










Return 

Period 


w s 








^max 






u 


(years) 


(m/s) 


H s (m) 


TA s) 


T p (s) 


(m) 


Tass (s) 


H c (m) 


(cm/s) 


1 


16.1 


2.2 


4.7 


6.2 


3.2 


6.3 


1.9 


1 


10 


17.7 


2.8 


5.4 


7.1 


5.3 


7.2 


3.2 


5 


50 


18.7 


3.2 


5.9 


7.7 


6.6 


7.7 


4.0 


11 


100 


19.2 


3.3 


6.0 


7.9 


7.2 


8.0 


4.3 


15 


1 0,000 


22.0 


4.5 


7.1 


9.4 


10.9 


9.4 


6.6 


51 



Note: W s is the 1-hour mean wind speed at 10 m above sea level; H s is the significant wave height, 
estimated from the wave energy spectrum, equivalent to the mean height of the highest one-third of 
the wave in a sea state; H max is the maximum wave height, highest individual zero-crossing wave 
height in a storm of 24-hr duration; T z is the mean zero-crossing wave period, the average period of 
the zero-crossing wave heights in a sea state estimated from the wave energy spectrum; T p is the peak 
wave period, the period associated with the peak in the wave energy spectrum, estimated from the 
wave energy spectrum; T ass is the wave period associated with the maximum wave height; H c is the 
crest height, the highest crest to mean-level height of an individual wave in a storm of 24-hr duration; 
U is the horizontal wave orbital velocity at 3 m above the seabed, estimated from H max and T ass using 
stream function wave theory. 
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Figure 2.5 shows a two-dimensional, simple progressive wave propagation 
in the positive x-direction. The symbol ij denotes the displacement of the water 
surface relative to the SWL, which is a function of x and time, r, at the wave 
crest, ;/, equal to one-half of the wave height. 

Water particle displacement is presented in Figure 2.6 for deep and shallow 
water. Water particle displacement is an important factor in linear wave 
mechanics, which deal with the displacement of individual water particles within 
a wave. Water particles generally move in elliptical paths in shallow water or 
transitional water and in circular paths in deep water (see Figure 2.6). If the 
mean particle position is considered to be at the center of the ellipse or circle, 
then vertical particle displacement with respect to the mean position cannot 
exceed one -half the wave height. Therefore, the displacement of the fluid particle 
is small if the wave height is small. 

Figure 2.7 presents the horizontal and vertical velocities and acceleration for 
various locations of the particles, which is very important in calculating the 
wave forces on any subsea structural member, as the drag force and inertia force 
are functions of the particle velocity and acceleration, respectively. The following 
equations are used to calculate the wave velocity and acceleration. 



F\ = (2n(z + d)/L) (2.8) 

F 2 = (2 jid/L) (2.9) 

F 3 = (2 nx/L) - (: Int/T ) (2.10) 

• Velocity 

U = [(H /2)(gT/L) cosh F\ /cosh F 2 ] cos F 3 (2.11) 

W = [(H/2)(gT/L) sinhFi/coshF 2 ] sinF 3 (2.12) 



-> Direction of propagation 




a cos 






Bottom, z=-d 



2nx 2 kL\ 

J- t~) 

(b) For given origin (x=0) wave profile 
is shown for f=3 7/4, 7 7/4, 1 1 7/4... 

(c) ? 7 =a = /7/2 at wave crest 
rj=-a=-HI2 at wave trough 
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FIGURE 2.5 Simple sinusoidal progressive wave-propagation curve. 
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FIGURE 2.6 Water particle displacement for deep and shallow water. 




FIGURE 2.7 Local fluid velocities and acceleration. 



• Acceleration 

a x = [ +gpH/L cosh F\ / cosh F?\ sin F 3 (2. 13) 

a z = [ —gpH/L sinh F\ /cosh F 2 ] cos Ft, (2. 14) 

The theories concerning the modeling of ocean waves were developed in the nine- 
teenth century. Practical wave force theories concerning actual offshore platforms 
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were not developed until 1950, when the Morison equation was presented and the 
wave forces on a vertical pipe were shown to be as illustrated in Figure 2.8: 

F = F d + F, (2.15) 

where F D is the drag force and Fj is the inertia force. 

• Drag force: The drag force due to a wave acting on an object can be found by: 

F d = 1/2 P CclV 1 A (2.16) 

where F D is the drag force (N), Cd is the drag coefficient (no units), V is the 
velocity of the object (m/s), A is the projected area (m 2 ) and p is the density of 
water (kg/m 3 ). 

• Inertia force: The inertia force due to a wave acting on an object can be found by: 

F; = rcpaCmD 2 / 4 (2.17) 

where F, is the inertia force (N), Cm is the mass coefficient (no units), a is the 
horizontal water particle acceleration (m 2 /s), D is the diameter of the cylinder 
(m) and p is the density of water (kg/m 3 ). 

Wave Load Calculation 

• The values of Cd and Cm are dimensionless and the values most often used in 
the Morison equation are 0.7 and 2.0, respectively. API recommends 0.65 and 
1.6, respectively, for smooth surfaces or 1.05 and 1.2, respectively, for rough 
surfaces, such as surfaces with marine organism growth. 



Wave 




FIGURE 2.8 Wave force distribution on a vertical pipe. 
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• Water particle velocity and acceleration are functions of wave height, wave 
period, water depth, distance above the sea bottom and time. 

• The most elementary wave theory was presented by Airy in 1845. 

• Another widely used theory, known as the stream function theory, is a 
nonlinear solution similar to the Stokes fifth-order theory. 

Figure 2.9 presents an example of the principal wave directions in the Gulf of 
Mexico (GoM) through 290° read clockwise (i.e., wave directions applied to the 
platform from the north, northeast, east, southeast, and so on through eight direc- 
tions as wave height versus water depth). Note that the principal wave direction, 
with the maximum wave height value, will be defined in the metocean report for 
the location of the platform. Based on API-RP2A, a reduction factor should be 
applied on the other direction, as shown in Figure 2.9 for a water depth higher 
than 12 m, noting that the directions are rotated every 22.5° to define the eight 
directions regardless of the platform’s orientation. 

Comparison of Wind and Wave Calculations 

Calculation of the force affecting the structure due to wind takes the drag 
force into consideration and neglects the inertia force, but in the case of 
waves, drag force and inertia force are considered in the calculation. The fol- 
lowing example demonstrates the reason for neglecting the inertia force in 
wind load. 

If the platform is oriented as shown in Figure 2.9, so that the direction of wind 
is not perpendicular to the faces of the platform, during calculation of the wind 



N 




FIGURE 2.9 The design shows wave directions and factors to apply to the omnidirectional wave 
height in the GoM. 
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load, the angle of inclination of the wind direction to the platform should be 
considered in each direction. 



Example 

Pipe Dia. = 0.4 m 

L'air = 25 m/s l/ wa ter = 1 m/s 
a air = 1 m 2 /s a water = 1 m 2 /s 
Pair = 1 .3 kg/m 3 p water = 1 000 kg/m 3 

F d = (1/2) xCc/xpX \/ 2 xA 
F m = Cm xp x n x (D 2 /4) x a 

Air 

F d = (1 /2) (0.8) (1 .3)(25) 2 (0.4) = 1 30 N 
F m = 2(1 ,3)W(0.4) 2 /4(1) = 0.33 N 

Water 

F d = (1 /2)(0.8)(1 000)(1 ) 2 (0.4) = 160N 
F m = 2(1 000)(;r)(0.4) 2 /4 (1 ) =251 N 



Conductor Shielding Factor 

Depending on the configuration of the structure, the number of well conduc- 
tors can add a significant portion to the total wave forces. If the conductors 
are closely spaced, the forces on them may be reduced by hydrodynamic 
shielding. 

However, there will be no reduction factor due to shielding when the 
spacing between conductors is equal to or greater than 4 times the conductor 
diameter. With closer spacing, the following equation can be applied: 

S f = 0.25 (S/D c ) 

where Sf is the shielding reduction factor, S is the spacing between conductors, 
and D c is the conductor diameter. 

2.5.2 Current Force 

According to ISO 9002, the most common categories of ocean currents are: 

• Wind-generated currents 

• Tidal currents 

• Circulational currents 

• Loop and eddy currents 
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• Soliton currents 

• Longshore currents 

Wind-generated currents are caused by wind stress and the atmospheric 
pressure gradient during a storm. 

Tidal currents are regular and follow the harmonic astronomical motions of 
the planets. The maximum tidal current precedes or follows the highest and low- 
est astronomical tides, HAT and LAT, respectively. Tidal currents are generally 
weak in deep water, but they are strengthened by shoreline configurations. Strong 
tidal currents exist in inlets and straits in coastal regions. 

Circulational currents are steady, large-scale currents of the general oceanic 
circulation (i.e., the Gulf Stream in the Atlantic Ocean). Parts of circulation cur- 
rents may break off from the main circulation to form large-scale eddies. Current 
velocities in such eddies ( loop and eddy currents ) can exceed the velocity of the 
main circulation current (i.e., loop current in the GoM). 

Soliton currents are due to internal waves generated by density gradients. 
Loop/eddy currents and soliton currents penetrate deeply in the water column. 

Longshore currents in coastal regions run parallel to the shore as a result of 
waves breaking at an angle on the shore; they are also referred to as littoral 
currents. 

Earthquakes can cause unstable deposits to run down continental slopes and 
thereby set up gravity-driven flows. Such flows are called turbidity currents. 
Sediments in the flow have a higher density than the ambient water. Such cur- 
rents should be accounted for in the design of pipelines crossing a continental 
slope with unstable sediments. Strong underwater earthquakes can also lead to 
the generation of tsunamis, which in coastal regions behave like a long, shallow 
water wave similar to a strong horizontal current. 

The effects of currents on ships and offshore structures should be considered 
in their design, construction and operation. The effects of currents that should 
be considered in the design of offshore structures include: 

• Currents can cause large, steady excursions and slow drift motions of 
moored platforms. 

• Currents can create drag and lift forces on submerged structures. 

• Currents can cause vortex-induced vibrations of slender structural elements 
and vortex-induced motions of large-volume structures. 

• Interaction between strong currents and waves leads to change in wave 
height and wave periods. 

• Currents can create seabed scouring around bottom-mounted structures. 

Information on the statistical distribution of currents and their velocity pro- 
file is generally scarce for most areas of the world. Current measurement cam- 
paigns are recommended during the early phases of an offshore oil exploration 
development. 
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Site-specific measurements should extend over the water profile and over a 
period that captures several major storm events. Some general regional informa- 
tion on current conditions is given in ISO 19901-1 (2005), “Metocean Design 
and Operating Considerations.” 

If sufficient joint current-wave data are available, joint distributions of para- 
meters and corresponding contour curves (or surfaces) for given exceedance 
probability levels can be established. Otherwise, conservative values using 
combined events should be applied (NORSOK N-003, DNV-OS-C101). 

The presence of currents in the water produces some minor effects; the most 
affected variable is the current velocity, which should be added vectorially to 
the horizontal water particle velocity. 

From a practical point of view, designers sometimes increase the maximum 
wave height by 5-10% to account for the current effect and the current is 
neglected in calculations. 



Design Current Profiles 

When detailed field measurements are not available, the variation in shallow 
water of tidal current velocity along the water depth will be modeled as a simple 
power law, assuming unidirectional current: 



V C M Z ) = V CJbk (0)(4±*J 



for Z < 0 



(2.18) 



The variation of wind-generated current can be taken as either a linear 
profile from z = —d„ to still water level (SWL), 



Vf,wind i Vc,wind (0) 

or a slab profile, 



d„+Z 



for — d„ < Z < 0 



(2.19) 



Vc,wincl{z) — Fc.wmd(O) for d Q < Z < 0 



( 2 . 20 ) 



The profile giving the highest loads for the specific application should be 
applied. 

Wind-generated currents can be assumed to vanish at a distance below 
the SWL: 



V cMnd {Z) = 0 for Z < — d„ (2.21) 

where V C (Z) is the total current velocity at level Z, z is the distance from the SWL 
measured positively upward, V c ,„y £ .( 0) is the tidal current velocity at the SWL, 
V c , W ind( 0) is the wind-generated current velocity at the SWL, d is the water 
depth to the SWL measured positively upward, d a is the reference depth for 
wind-generated current, d„ = 50 m, and a is the exponent, typically a= 1/7. 
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In deep water along an open coastline, wind-generated current velocities at the 
SWL may, if statistical data are not available, be taken as V cwiru i (0) = k (JJ\ hour, 
10 m), where k = 0.015 — 0.03 and ( U , hour. 10 m) is the 1-hour sustained wind 
speed at height 10 m above sea level. 

The variation of current velocity over depth depends on the local oceano- 
graphic climate, the vertical density distribution and the flow of water into or 
out of the area. This may vary from season to season. Deepwater profiles 
may be complex. Current direction can change 180° with depth. A current pro- 
file for a location in the GoM is shown in API-RP2A (2007). API mentions that 
the minimum speed is 0.31 km/hr (see Figure 2.10). 

Current Profile 

The recommended current profile given in ISO 19901-1 (2005) is: 

U c (z) = U cs (^f] n (2.22) 

where U c (z) is the current speed at elevation z(z < 0), U cs (z ) is the surface 
current speed at z = 0, d is the still-water depth and z is the vertical coordinate 
measured positively upward from the SWL. 




0 0.2 0.4 0.6 0.8 1 

Velocity depth factor 



FIGURE 2.10 Current profile. 
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A current profile is illustrated in Figure 2.10, and Table 2.19 gives the current 
velocity factors along the water depth to be applied to the depth-mean current 
speed, to give current speeds at different depths. 



TABLE 2.19 Relative Depth and Current Velocity Reduction Factor Along 
Depth 



Relative Depth 



0.01 



Velocity Depth Factor 



0.5180 



0.02 



0.5719 



0.03 



0.6060 



0.05 



0.6518 



0.08 



0.6971 



0.1 



0.7197 



0.15 



0.7626 



0.2 



0.7946 



0.25 



0.8203 



0.3 



0.8420 



0.35 



0.8607 



0.4 



0.8773 



0.45 



0.8922 



0.5 



0.9057 



0.55 



0.9181 



0.6 



0.9296 



0.65 



0.9403 



0.7 



0.9503 



0.75 



0.9597 



0.8 

0.85 



0.9 



0.95 



0.9686 

0.9771 



0.9851 



0.9927 
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The current profile presented by API RP2A (2007) focuses on the Gulf of 
Mexico (GoM) only. For other locations, the current profile should be obtained 
before the design is started, because it is different from location to another. 
In general, for GoM, levels below SWL from 80 to 1 80 m will have a nearly 
constant current speed, while the current speed will increase gradually from 
90 m to 60 below the SWL and then will be constant from 60 m below 
SWL until the SWL. 

2.5.3 Earthquake Load 

Approximately 100 conventional steel pile-supported platforms have been 
installed in high-activity earthquake regions, such as offshore California, 
Alaska, New Zealand, Japan, China and Indonesia. Offshore structures have 
also been installed in new areas in high-activity earthquake regions, such as 
Venezuela, Trinidad and the Caspian Sea. 

Ductility level (DLE) requirements are intended to ensure that the platform 
has sufficient reserve capacity to prevent its collapse during rare intense earth- 
quake motion, although structural damage may occur. 

In areas of low seismic activity, less than 0.05 g, the design for environ- 
mental loading from everything other than earthquakes will provide sufficient 
resistance against earthquakes. In seismic activity of 0.05-0.1 g, the important 
items are the deck appurtenances, such as piping, facilities and others. See 
Table 2.20 for more information about the seismic zone factor in API, which 
is the same as that of the American National Standard Institute (ANSI) for 
minimum load, and the Uniform Building Code (UBC; 1997) seismic zone 
factor, which is more traditionally used for seismic load. 

The platform should be checked for earthquake resistance using a dynamic 
analysis procedure, such as spectrum analysis or time history analysis. The 
spectrum analysis method is for structures with a uniform shape and structure. 



^ "\ 

TABLE 2.20 Comparison Between the Seismic Zone Factor and Horizontal 

Ground Acceleration for API and UBC 


Seismic zone (relative seismicity) 
factor, Z* 


i 


2 3 


4 5 


Horizontal ground acceleration to 
gravitational acceleration, g in API 


0.05 


0.10 0.20 


0.25 0.40 


Horizontal ground acceleration to 
gravitational acceleration, g in UBC 


0.075 


0.15 0.20 


0.30 0.40 


*The zones in UBC are 1 , 2A, 2B, 3, and 4 , which corresponds to 1, 2, 3, 4, and 5 


in API, respectively 
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and a structure height between 100 m and 150 m, or for structures where the ratio 
between the heights and the horizontal dimensions is more than 5% in the earth- 
quake load direction. 

The effect of seismic activity on a structure is a static lateral load on the floor 
level of the structure, and its value is calculated from the dynamic properties of 
the natural period and natural mode, which are calculated by modal analysis. The 
calculated lateral force should not be less than 80% of the lateral load calculated 
from the previous method. 

Earthquake loading should be determined by response spectrum analysis in 
accordance with API RP2A or UBC 1997 and the way of calculating the seis- 
mic load should be stated in the basis of design document. Figure 2.11 shows 
the spectral acceleration, spectral velocity and spectral displacement values for 
three soil types, which are classified as follows: 

• Soil type A: Hard rock and rock crystalline, conglomerate, or shale-like 
material generally having shear wave velocities in excess of 914 m/sec 
(3000 ft/sec). 

• Soil type B: Shallow, very dense sand, silts and stiff clays with undrained 
shear strength in excess of about 100 kPa (2000 psf) limited to depths of 




Period (7), sec. 



FIGURE 2.1 1 Normalized response spectra for design. 
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less than about 200 ft (61 m), and overlying rock- like materials with standard 
penetration test for cohesionless soil layers provide higher than 50 blows 
per foot. 

• Soil type C: Deep, strong sands, silts and stiff clays with thicknesses in 
excess of about 61 m (200 ft) and overlying rock-like materials with 
undrained shear strength from 50 to 100 kPa with standard penetration 
test from 15 to 50 blows per foot. 

Table 2.21 provides the values of the seismic factor. Sc, which are related to 
the seismic zone and the soil type. For design purposes, these values are used to 
obtain the response spectra for the required location. 

Both the strength level (SLE) and ductility level (DLE) relative to earthquakes 
should be considered in the design, and a period of 200 years should be used 
for SLE. 

Strength Requirements 

Twice the SLE peak accelerations should be used in the DLE analysis. The 
design of the platform for an earthquake load depends on the dynamic analysis. 
The mass used in the dynamic analysis should consist of the mass of the 
platform associated with gravity loading, the mass of the fluids enclosed in the 
structure and the appurtenances and the added mass. The added mass may be 
estimated as the mass of the displaced water for motion transverse to the longi- 
tudinal axis of the individual structural framing and appurtenances. In motions 
along the longitudinal axis of the structural framing and appurtenances, the 
added mass may be neglected. 

The analytical model should include the three-dimensional distribution of 
platform stiffness and mass. Asymmetry in platform stiffness or mass distribu- 
tion may lead to significant torsional response, which should be considered. 

In computing the dynamic characteristics of braced, pile-supported steel 
structures, uniform model damping ratios of 5% of critical structural members 
should be used for an elastic analysis. Where substantiating data exist, other 
damping ratios may be used. 



/table 2.21 


Seismic Factor Sc 
















Seismic Zone 






Soil Type 


1 


2 


3 


4 


5 




A 


1.0 


1.0 


1.0 


1.0 


1.0 




B 


1.44 


1.39 


1.33 


1.36 


1.40 




C 


1.5 


1.45 


1.42 


1.5 


1.45 





V J 
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According to ISO 19002, when the response spectrum method is used and 
one design spectrum is applied equally in both horizontal directions, the com- 
plete quadratic combination (CQC) method may be used for combining modal 
responses and the square root of the sum of the squares (SRSS) may be used 
for combining the directional responses. If other methods are used for combin- 
ing modal responses, such as SRSS, care should be taken not to underestimate 
comer pile and leg loads. For the response spectrum method, as many modes 
should be considered as required for an adequate representation of the 
response. At least two modes having the highest overall response should be 
included for each of the three principal directions, plus significant torsional 
modes. 

If the time history method is used, the design response should be calcu- 
lated as the average of the maximum values for each of the time histories 
considered. 

Earthquake loading should be combined with other simultaneous loadings, 
such as gravity, buoyancy and hydrostatic pressure. Gravity loading should 
include the platform’s dead weight (comprised of the weight of the structure, 
equipment and appurtenances), actual live loads and only 75% of the maximum 
supply and storage loads. 

In the calculation of member stresses, the stresses due to earthquake-induced 
loading should be combined with those due to gravity, hydrostatic pressure and 
buoyancy. For the strength requirement, the basic AISC allowable stresses may 
be increased by 70%. Pile soil performance and pile design requirements should 
be determined on the basis of special studies. The studies should consider the 
design loadings, installation procedures, earthquake effects on soil properties 
and characteristics of the soils as appropriate to the axial or lateral capacity 
algorithm being used. Both the stiffness and capacity of the pile foundation 
should be addressed in a compatible manner for calculating the axial and lateral 
response. 



Ductility Requirements 

Ductility requirements are intended to ensure that platforms located in seismically 
active areas have adequate reserve capacity to prevent collapse under a rare, intense 
earthquake. When implemented in the strength design of certain platforms, 
structure-foundation systems will not require an explicit analytical demonstration 
of adequate ductility. These systems are similar to those for which adequate 
ductility has already been demonstrated analytically in seismically active regions 
where the intensity ratio of the rare, intense earthquake ground motions to SLE 
earthquake ground motions is 2% or less. 

No ductility analysis of conventional jacket-type structures with eight or 
more legs is required if the structure is to be located in an area where the 
intensity ratio of rare, intense earthquake ground motion to SLE earthquake 
ground motion is 2% or less; the piles are to be founded in soils that are stable 
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to underground motions imposed by the rare, intense earthquake; and the 
following conditions are adhered to in configuring the structure and proportioning 
members: 

• Jacket legs, including any enclosed piles, are designed using twice the SLE 
seismic loads. 

• Diagonal bracing in the vertical frames is configured such that shear forces 
between horizontal frames or in vertical runs between legs are distributed 
approximately equally to both tension and compression diagonal braces, and 
“K” bracing is not used where the ability of a panel to transmit shear forces is 
lost if the compression brace buckles. Where these conditions are not met, 
including areas such as the portal frame between the jacket and the deck, the 
structural components should be designed using twice the SLE seismic loads. 

• Horizontal members are provided between all adjacent legs at horizontal 
framing levels in vertical frames and these members have sufficient com- 
pression capacity to support the redistribution of loads resulting from the 
buckling of adjacent diagonal braces. 

• The slenderness ratio ( Kl/r ) of primary diagonal bracing in vertical frames is 
limited to 80% and their ratio of diameter to thickness is limited to 1900 /Fy, 
where Fy is in ksi (13,1 00/ Fy for Fy in MPa). 

All nontubular members at connections in vertical frames are designed as 
compact sections in accordance with the AISC specifications or using twice 
the SLE seismic loads. 

Structure-foundation systems should be analyzed to demonstrate their ability 
to withstand the rare, intense earthquake without collapsing. The characteristics 
of the rare, intense earthquake should be developed from site-specific studies of 
local seismicity. Demonstration of the stability of the structure-foundation 
system should be by analytical procedures that are rational and reasonably 
representative of the expected response of the structural and soil components 
of the system to intense ground shaking. 

Models of the structural and soil elements should include their characteristic 
degradation of strength and stiffness under extreme load reversals and the interac- 
tion of axial forces and bending moments, hydrostatic pressures and local inertial 
forces, as appropriate. The P-delta effect of loads acting through elastic and 
inelastic deflections of the structure and foundation should be considered. 

Topside Structure, Appurtenances and Equipment 
Topside structure design for earthquake loads should include the effects of the 
global dynamic response of the structure and, if appropriate, the effects of local 
dynamic response of the topside and appurtenances. 

It is recommended that topside response spectra or other in-structure response 
spectra be obtained from time-history analyses of the complete structure. The 
topside response spectra are recommended to be the average values from at 
least four time-history analyses. Direct spectra-to-spectra generation techniques 
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may also be used; however, such methods should be calibrated against the 
time-history method. The topside response spectra should be broadened to 
account for uncertainties in structure frequencies and soil-structure interaction. 

Seismic actions on topside equipment, piping and appurtenances should be 
derived by dynamic analysis using either: 

1. An uncoupled analysis with deck-level floor response spectra as input. 

2. A coupled analysis that properly includes a simple dynamic model of the rele- 
vant part of the topside or the appurtenance in the global structural model. 

Equipment, piping and other topside appurtenances should be designed 
and supported to resist extreme-level earthquake loads. On the other hand, 
displacements and deformations of the topside in extreme earthquake load should 
be limited or designed against to avoid damage to the equipment, piping, appur- 
tenances and supporting structures. 

The topside structure and any structural system carrying critical equipment from 
a safety perspective should be designed to function during and after an abnormal 
level of earthquake. The ISO 19902 recommendation for abnormal level of earth- 
quake is the same as the API recommendation for the ductile requirement: the struc- 
tural systems that carry equipment containing hazardous materials, such as the 
separators for example, should be designed to prevent catastrophic failure or rupture 
during an abnormal earthquake. 

Therefore, in ISO the partial load factor, E, is increased from 0.9 to 1.15 for 
abnormal level analysis of deck-supported structures, topside equipment and 
equipment tie downs. 



2.5.4 Ice Loads 

Ice loads are particularly relevant on offshore structures in Alaska. It is also very 
important to know that drifting ice travels at a speed about 1-7% of the wind speed. 
A typical ice island in Alaska is about 1 km in diameter, with 1 km thickness, and 
has a travel speed of 3 knots. Generally, the ratio of the thickness of ice above water 
to the thickness of that under water is about 1:2, but it can range from 1:1 to 1:7. 
API recommends the following formula to calculate the ice impact force: 

Fi = CjS ci A 0 (2.23) 

The importance of grouping effects in ice loads depends on the spacing of 
individual members. Generally, the following rules are used: 

1. Spacing > 6 diameters. Ice will crush against the tubular members and pass 
through and around the platform if the tubular spacing is greater than six 
times the tubular diameter. For groups of tubular members of different 
sizes, the average tubular diameter should be used to determine the spacing. 

2. Spacing < 4 diameters. As the tubular spacing decreases, interference effects 
may occur that influence both the ice load on the tubular members and the 
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failure mode with ice. At a tubular spacing less than four diameters, or with 
closely spaced conductors between platform legs, ice blocks may wedge 
inside the structure and the effective contact area becomes the out-to-out 
dimension across the closely spaced tubular members in the direction of 
the ice movement. In this case, the total ice load on the structure should 
be calculated with D taken as the out-to-out dimension across the closely 
spaced tubular members. 

3. Spacing of 4 to 6 diameters. Ice forces should be determined by linear inter- 
polation between loads for spacing of four to six diameters. 

Note that shielding occurs when tubular members are located in the lee of 
other structural members. The loads on these piles may be considerably less, 
as the ice may fail in another mode or may simply be cleared away under 
pack ice pressures. The clearing forces are estimated as the product of the 
pack ice pressure (estimated at 2 ton/m width based on floe area, floe profile, 
wind speed and current velocity) and pile diameter. 

2.5.5 Other Loads 

Other loads attributable to the configuration of the platform and the environ- 
mental conditions include: 

• Marine growth 

• Scour 

Other factors affecting loads on the structure include: 

• Materials selection, corrosion, stress analysis, welding, structure analysis, 
design for fabrication and installation 

• Marine civil engineering, such as installation equipment, installation methods 
and navigation safety instrumentation 

• Naval architecture, such as flotation/buoyancy, towing, launching and 
controlled flooding 

Marine Growth 

Marine organism growth and adherence to the surface increase the diameter of the 
jacket member, increasing the drag force, according to API, on the surface 1 .5 inches 
from MHHW to - 1 50 ft, with MHHW 300 mm ( 1 foot) higher than MLLW. Smal- 
ler or larger values of thickness may be obtained from a site-underwater-specific 
survey and from previous studies in the same site. 

Structural members are considered smooth if they are above MHHW or 
lower than 45 m (150 ft), where marine growth is light to ignorable. In the 
zone between MHHW and 45 m, they are considered rough. 

Scour 

Seabed scour affects both lateral and axial pile performance and capacity, 
but scour prediction is an uncertain art. Sediment transport studies may assist 
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in defining scour design criteria, but local experience is the best guide. 
Practical measures used in design assume the scour diameter is 1.5 X the 
pile diameter. 



2.6 DESIGN FOR ULTIMATE LIMIT STATE (ULS) 

An action factor should be applied to each of the nominal external actions in the 
combinations given in Clause 7 of ISO 19902. (Action factors depend on the 
national or regional building code in use.) This is to ensure that the levels of 
reliability for topside design achieved are similar to that implied in other ISO 
19900 series standards. 

The combination of factored nominal actions causes amplified internal 
forces, S. A resistance factor is applied to the nominal strength of each compo- 
nent to determine its factored strength. Each component should be proportioned 
to have sufficient factored strength to resist S. The appropriate strength and sta- 
bility criteria should be taken from the appropriate national or international 
building code. These criteria are the formulae for the nominal strength of the 
component and the associated resistance factors. 

In some conditions, particularly during construction and installation, the 
internal forces should be computed from unfactored nominal actions and then 
the action factors should be applied to the internal forces to arrive at S , as 
discussed in ISO 19902. 

Deformation actions can arise from the effects of fabrication tolerance, 
foundation settlement and the indeterminate effects of transportation and 
lift. For the primary structure supported by a multicolumn gravity base struc- 
ture (GBS), movements of the column tops can also constitute significant 
deformation actions. They can also occur from operational or accidental ther- 
mal effects. All such actions should be considered in combination with oper- 
ating actions to ensure that serviceability and ultimate limit states are not 
exceeded. 

2.6.1 Load Factors 

The partial action factors to be used when ISO 19902, AISC-LRFD, EC3, NS 
3472, or BS 5950 Part 3 is the chosen code are given in Table 2.22. The action 
factors cover maximum gravity and extreme environmental and operating 
environmental combinations. Other relevant codes or standards may be 
used, in which case appropriate action factors should be evaluated to achieve 
a similar level of reliability to that implied in the international standard. The 
procedure should be followed to derive appropriate sets of action factors, as 
necessary. 

The internal force, .S', resulting from the design action, F d , should be calculated 
using 

Fd = Tg(Gi + Gt) + Yq(Qi + Qi) (2.24) 
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TABLE 2.22 Partial Action Factors for Maximum Gravity from Different 
International Standards and Specifications 


Code 




Permanent, y G 


Variable, y Q 


ISO 19902 




1.30 


1.50 


AISC-LRFD 




1.25 


1.40 


NS 3472 




1.25 


1.45 


EC3 




1.30 


1.50 


BS 5950 




1.45 


1.65 


BS 5950, Part 3 


1.25 


1.45 



















where G\ is permanent load imposed on the structure by the self-weight of the 
structure with associated equipment and other objects, G 2 is permanent load 
imposed on the structure by self-weight of equipment and other objects that 
remain constant for long periods but which can change from one mode or opera- 
tion to another or during a mode of operation, Q x is variable load imposed on 
the structure by the weight of consumable supplies and fluids in pipes, tanks 
and stores, the weight of transportable vessels and containers used for deliver- 
ing supplies, and the weight of personnel and their personal effects on the struc- 
ture, and Q 2 is the short-duration variable load imposed on the structure from 
operations, such as lifting of drill string, lifting by cranes, machine operations, 
vessel mooring, and helicopter loadings. 



2.6.2 Extreme Environmental Situation for Fixed Offshore 
Platforms 

The internal force, S, resulting from the design action, F d , should be calculated 
using 

Fd = y G (Gi +G 2 )+ YqQ\ + r E {E e + 1 .25 De) (2.25) 

When the internal forces due to gravity forces oppose those due to wind, 
wave and current forces, the internal force, S , resulting from the design action, 
F d , should be calculated using reduced partial action factors 

Fd = {Vy g ){G\ + G 2 ) + {Uy q )Q\ +Y E (F e + 1.25De) (2.26) 

For this combination, Gt and Qi should exclude any actions that cannot be 
ensured to be present during an extreme storm to maximize the difference 
between the opposing action effects. 
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TABLE 2.23 Partial Action Factors for Extreme Environmental Conditions 
from Different International Standards and Specifications 


"•N 






Partial Load Factor 






Code 


Permanent, y G 


Variable, y Q 


Environmental, y E 


ISO 1 9902 


1.10 


1.10 


3 

n! 

o 

o 




AISC-LRFD 


1.05 


1.05 


0.96 y EEs 




NS 3472 


1.05 


1.05 


0-96 y ELs 




EC3 


1.10 


1.10 


1 .00 y ELs 




BS 5950 


1.20 


1.20 


1.11 Yels 




BS 5950, Part 3 1 .05 


1.05 


0.96 y ELs 




^Note: yels is the appropriate partial factor for the substructure. 







The appropriate partial action factors for the environmental load are dependent 
on the location of the installation. 

ISO 19902 allows a value of y E of 1 .35 when no other information is available. 
The partial action factors for selected codes and standards are given in Table 2.23. 

2.6.3 Operating Environmental Situations — Fixed Platforms 

Platform operations are often limited by environmental conditions and differing 
limits may be set for different operations. Examples of operations that might be 
limited by environmental conditions include: 

• Drilling and workover 

• Crane transfer to and from supply vessels 

• Crane operations on deck 

• Deck and overside working 

• Deck access 

Each operating situation that might be restricted by environmental conditions 
should be assessed as shown in Equation (2.27), in which E„ and D 0 represent the 
environmental action limiting the operations. The value of Q 2 should be that 
associated with the particular operating situation being considered. 

The internal force, 5, resulting from the design action, /-)/, should be calculated 
using 



F d = (I// g )(Gi + G 2 ) + Uy Q {Q\ + Qi) +y e {E 0 +D n ) (2.27) 

The action factors for operating environmental conditions in selected codes 
and standards are given in Table 2.24. 
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TABLE 2.24 Partial Action Factors for Operating Environmental Conditions 
in Different International Standards and Specifications 






Partial Load Factor 




Code 


Permanent, y G 


Variable, y Q 


Environmental, y E 


ISO 19902 


1.30 


1.50 


1.20 


AISC-LRFD 


1.25 


1.40 


1.15 


NS 3472 


1.25 


1.45 


1.15 


EC3 


1.30 


1.50 


1.20 


BS 5950 


1.45 


1.65 


1.35 


BS 5950, Part 3 1.25 


1.45 


1.15 











2.6.4 Partial Action Factors for Platform Design 

Each member, joint and foundation component should be checked for strength 
using the internal force due to load effect, S, resulting from the design action, 
calculated by Equations (2.28) and (2.29): 

Q= l.lGi + l.lG 2 + l.lgi+0.9£' (2.28) 

where E is the inertia action induced by the extreme level earthquake (ELE) 
ground-motion and determined using dynamic analysis procedures, such as 
response spectrum analysis or time-history analysis. G i, G 2 and Q\ should 
include loads that are likely to be present during an earthquake. 

When contributions to the internal forces due to weight oppose the inertia 
actions due to the earthquake, the partial load factors for permanent and variable 
loads should be reduced so that: 

0 = 0.9 Gi +0.9 G 2 -F 0.8 0, +0.9 £ (2.29) 

where G\, G 2 and Q\ should include only loads that are reasonably certain to be 
present during an earthquake. 

For global assessment of the offshore structure platform, Tables 2.25 
and 2.26 present a matrix for load combination. This is the traditional load 
combination used in input for the design or assessment of fixed offshore plat- 
forms. Table 2.25 presents the load combination for 1-year storm conditions 
and Table 2.26 presents the load combination for 100-year storm conditions. 
Tables 2.27 and 2.28 show a matrix for the load combination versus the applied 
load in working stress design (WSD) under 1-year and 100-year storm 
conditions, respectively. The load combination for the maximum pile tension 
condition is illustrated in Table 2.29. 
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TABLE 2.25 Matrix for Load Combination, 1-Year Storm Conditions 


Load Case 


Load Condition 


Combination 


1 


1 


Dead load + buoyancy 


2 


2 


Unmodeled dead load (jacket and deck) 


3 


3 


Blanket live load on main deck 


4 


4 


Blanket live load on helideck 


5 


11 


Wind + wave + current hitting 0.0° 


6 


12 


Wind + wave + current hitting 45° 


7 


13 


Wind + wave + current hitting 90° 


8 


14 


Wind + wave + current hitting 135° 


9 


15 


Wind + wave + current hitting 180° 


10 


16 


Wind + waves- current hitting 225° 


11 


17 


Wind + waves- current hitting 270° 


12 


18 


Wind + waves- current hitting 315° 









TABLE 2.26 Matrix for Load Combination, 100-Year Storm Conditions 


Load Case 


Load Condition 


Combination 


1 


1 


Dead load + buoyancy 


2 


2 


Unmodeled dead load (jacket and deck) 


3 


3 


Blanket live load on main deck 


4 


4 


Blanket live load on helideck 


5 


21 


Storm wind s- wave s- current hitting 0.0° 


6 


22 


Storm wind s- wave + current hitting 45° 


7 


23 


Storm wind s- wave + current hitting 90° 


8 


24 


Storm wind s- wave s- current hitting 135° 


9 


25 


Storm wind + waves- current hitting 180° 


10 


26 


Storm wind + waves- current hitting 225° 


11 


27 


Storm wind + wave + current hitting 270° 


12 


28 


Storm wind + wave + current hitting 315° 



VI 

K3 



TABLE 2.27 Matrix for Load Combination 


versus 


Applied Load in 1-Year Storm Conditions 








Load 










Load Condition 








Combination 


1 


2 


3 


4 


11 12 13 14 15 


16 


17 


18 


30 


1.1 


1.0 


1.0 


1.0 


1.0 








31 


1.1 


1.0 


1.0 


1.0 


1.0 








32 


1.1 


1.0 


1.0 


1.0 


1.0 








33 


1.1 


1.0 


1.0 


1.0 


1.0 








34 


1.1 


1.0 


1.0 


1.0 


1.0 








35 


1.1 


1.0 


1.0 


1.0 




1.0 






36 


1.1 


1.0 


1.0 


1.0 






1.0 





37 



1.1 



1.0 



1.0 



1.0 




TABLE 2.29 Matrix for Load Combination versus Applied 



Load Combination 


1 


2 


3 


4 


11 


40 


0.9 


0.9 


0.75 




1.0 


41 


0.9 


0.9 


0.75 






42 


0.9 


0.9 


0.75 






43 


0.9 


0.9 


0.75 






44 


0.9 


0.9 


0.75 






45 


0.9 


0.9 


0.75 






46 


0.9 


0.9 


0.75 







47 



0.9 



0.9 



0.75 



in Maximum Pile Tension Conditions 



Load Condition 

12 13 14 15 16 17 18 



1.0 



1.0 



1.0 



1.0 



1.0 



1.0 



1.0 ] 













2.7 Collision Events 



CzD 



2.7 COLLISION EVENTS 

If a rigorous impact analysis requires, accidental (collision event) design should be 
established representing bow, stern and beam-on impacts on all exposed 
components. 

The collision events should encompass both fairly frequent conditions, dur- 
ing which the structure would suffer only insignificant damage, and rare events, 
where emphasis is on avoiding a complete loss of integrity of the structure. 
Two energy levels should be considered: 

1. Low energy level, representing the frequent condition, based on the type of 
vessel that would routinely approach alongside the platform, such as a sup- 
ply boat, with velocities representing normal maneuvering of the vessel as it 
approaches, leaves or stands alongside the platform. 

2. High energy level, representing a rare condition, based on a vessel operating 
in the vicinity of the platform and drifting out of control in the worst sea 
state in which it is allowed to operate close to the platform. 

In design for both collision situations, the first energy level represents a 
serviceability limit state for which the owner can set the requirements based 
on practical and economical considerations. The second energy level represents 
an ultimate limit state in which the structure is damaged but progressive 
collapse should not occur. 

In both cases, the analysis should account for the vessel’s mass, its added 
mass, orientation and velocity. Effective operational restrictions on vessel 
approach sectors can limit the collision exposure of some areas of the structure. 

The vertical height of the impact zone should be established based on the dimen- 
sions and geometry of the structure and the vessel, and it should account for tidal 
ranges, operational sea state restrictions, vessel draft and motions of the vessel. 

2.7.1 Vessel Collision 

Accidental damage should be considered for all exposed elements of an instal- 
lation in the collision zone. The vertical extent of the collision zone should be 
assessed on the basis of visiting vessel draft, maximum operational wave height 
and tidal elevation. 

Accidental Impact Energy 

Total Kinetic Energy 

The total kinetic energy involved in collisions can be expressed as: 

E = ViamV 2 (2.30) 

where m is the vessel displacement (kg); a is the vessel added mass coefficient, 
which is 1 .4 for sideways collision and 1.1 for bow or stern collision; and V is 
the impact speed (m/s). 
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The total kinetic energy, E, should be taken to be at least: 

• 14 MJ for sideways collision 

• 11 MJ for bow or stern collisions 

This corresponds to a vessel of 5000 displacement tons with an impact speed of 
2 m/sec. A reduced impact energy may be acceptable in cases where the size of 
visiting vessels and/or their operations near the installation are restricted. In this 
instance, a reduced vessel size and/or reduced impact speed may be considered. 

The reduced impact speed, V, in m/sec, may be estimated numerically from 
the empirical relation: 

V = V 2 Hs( m/sec) (2.31) 

where Hs is the maximum permissible significant wave height in meters for 
vessel operations near the installation, per OTI (1988). 

The energy-absorbing mechanisms effective during the collision should be 
evaluated. Typically, local member denting, elastic and plastic deflection of the 
impacted member, global elastic and plastic response of the whole structure and 
denting of the ship are the main mechanisms. 

In a rigorous impact analysis, the collision actions should be evaluated based on 
a dynamic time simulation. The duration of the simulation should be sufficient to 
cover all relevant phases of the collision and the energy-dissipation process. 

Dropped Objects 

When evaluating the impact risk from dropped objects, the nature of all crane 
operations in the platform vicinity should be taken into account. If the probabil- 
ity of impact is not negligible, relevant accidental design situations should be 
defined and evaluated following the requirements. Depending on the conse- 
quences for the structural integrity, the need for a rigorous impact analysis 
should be determined. 

Irrespective of whether a rigorous analysis is required, robustness in relation 
to impact loads (vessel collisions and dropped objects) should be incorporated 
into the design by indirect means, such as: 

• Avoiding weak elements in the structure (particularly at joints). 

• Selecting materials with sufficient toughness. 

• Ensuring that critical components are not placed in vulnerable locations. 



2.8 FIRES AND EXPLOSIONS 

Hydrocarbon-pool fires on the sea surface can cause heating of, and hence 
degradation of the properties of, structural components. Sources of hydrocar- 
bons include conductor or riser fracture or spillage from the topside after a pro- 
cess vessel rupture, while ignition sources can include radiation from oil 
burners and flares. 



